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NOTATION AND NOMENCLATURE. 



The fonnulflB made use of in this work to de- 
scribe compounds, are molecular formulsB; that 
is, they express the weight which, in the gaseous 
state, tiiey have, referred to H2, volume for volume, 
iniis is not the place to describe the methods by 
which the molecular volumes of volatile and non- 
volatile bodies have been determined. The mole- 
cule we believe to be composed of atoms having 
the smallest proportion, by weight, of the element 
which can enter into combination. The atoms 
imite with one another to form molecules, in which 
their affinities are mutually satisfied: the measure 
of affinity is different for different atoms: the ele- 
ments differ in quantivalency or atomicity. The 
measure of the atom of hydrogen, H, is selected as 
a basis; it is univalent, and is, as it were, a point 
of departure for other atoms. The metalloids are 
called univalent, bivalent, trivalent, ^jo., according 
as an atom is able to unite with, or replace, one, 
two or three atoms of hydrogen. The quantiva- 
lency of the metals depends upon the number of 
hydrogen atoms which the metal-atom can replace. 

Probably every atom has a fixed capacity for 
saturation — a fixed chemical value. But two or 
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more suuilar atoms may be so miited that their 
value may be apparently lessened as truly through 
ttie union of these affinities as of other elements. 
For instance, C is quadrivalent 5 C — at most (2. 4 
— 2) = sexivalent ; or when both the C atoms are 
united through the two units of affinity (2. 4— 4) = 
quadrivalent, etc. Similar relations are observed 
among some of the metals, some metals appar- 
ently possessing different quantivalencies in their 
compounds. These metals are divided into three 
classes. 

1. Iron, manganese, chromium, cobalt, ura- 
nium, aluminium and nickel appear to be quadriv- 
alent; but by union of the two atoms, e. g,y Fe — Fe 
or Fe = Fe, the double atom becomes hexivalent, so 
that the single atom of this element appears to be 
trivalent or bivalent. In notation in the case of the 
foregoing metals which have sesqui-oxides, we are 
accustomed to employ a double atom in this work : 
thus m)n, in such compounds, will be written Ffe; 
the doubling of the initial letter Indicates a double 
atom. (See page 49.) 

Where it is necessary to use the old nomencla- 
ture, the compounds bear the names ferri-, man- 
gani-, etc., salts. According to the above view, 
there are obtained for the protoxides and then* 
compounds, formulsB which, being divisible by two, 
and for the sake of sunplicity, contain only a single 
atom of iron, etc. Since, up to the present tune, 
it has not been settled whether in the compounds 
of the protoxide series only two or more atoms are 
grouped together, the more &miliar and sunple 
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formulae, e. g,, PeClj are employed. These oxygen 
compomids are termed ferrous, manganous, etc., 
salts. 

2. Platinum and tin are sometimes quadriva- 
lent. In the binoxide compoimds, platinic and 
stannic salts, the single atom is quadrivalent. In 
the protoxides, the platinous and stannous salts, 
the single atom is apparently bivalent, on account 
of such a grouping of two atoms that of each two 
affinities are satisfied (Sn=Sn). In this case the 
double atom may be indicated by a double letter, 
thus stannous chloride SsnCU, stannic chloride 
SnCl4. But one may look upon the protoxide 
compounds as not saturated, since in the stannous 
salts only two of the four afllnities of the single 
atom are satisfied, and the full quantivalency first 
appears in the stannic salts. Since there always is 
one metal atom in these oxides, and it is preferable 
to employ the simple and more familiar formulae, 
stannous chloride may be written SnCl^, and stan- 
nic chloride SnCli. 

3. Mercury and copper are bivalent. 

In the binoxides (mercuric and cupric com- 
pounds) there appear two affinities of the single 
atom. In the protoxides (mercurous and cuprous) 
there is a double atom, which, we beheve, is pro- 
duced by the grouping of single atoms. The double 
atom Hhg and Ccu is then bivalent. The single 
atom is plainly univalent in the protoxides. We 
express mercurous chloride by HhgCla, mercuric 
chloride by HgClj,. 
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TABLE OP THE ATOMS 

ICCOEDING TO THBIE QUANTIVALENCE^ 

(In Bound Numbers,) 





METALLOIDS. 




UHIVALIWT. 


BlVAlBlffT. 


As « 75 


H = 1 


= 16 


Sb s 122 


01 = 35.5 


S = 32 


Bi = 208 


Br = 80 


Sn = 118 




I = i2r 




QUADKIYALRNT 


P = 19 


TRITALSNT. 


« 12 




N = 14 


Si « 28 




P = 31 


Sn* « 118 




B = 11 






METALS. 




imiVALBNT. 


Hg =.= 200 


QUADKVALBKT. 


K » 39.1 


Pe = 56 


Pt « 197.4 


Na = 23 


Mn = 55 


Pe » 56 


NH4= 18 


Or =r 53 


Mn a 55 


Ag = 108 


Oo « 58.7 


Or s« 53 


Cu « 63.5 


Ni = 58.7 


Oo = 58.7 


Hg » 200 


Pt » 197.4 


m « 58.7 
Al »= 27.5 


BIVATiKNT. 


TRIVALENT. 




Ca =s 40 


Au « 196 


SBXIYALBKT. 


Ba - 137 


Pe =r 5^ 


Pfe «= 112 


Sr = 87.6 


Mn « 55 


Mmn= no 


Mg = 24 


Or = 53 


Ocr « 106 


Kn sa 65 


Oo = 58.7 


Ooo » 116.4 


Od = 112 


m = 58.7 


Nni « 116.4 


Pb « 206 


Al « 27.5 


Aal » 55 


Ca* « 63.6 


« In higher ozidea. 
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I. Univalent. 

1. Hydrogen, 

2. Chlerine, . 

3. Bromine, . 

4. Iodine, . 

5. Hnorine, . 
II. Bivalent. 

6. Oxvgen, . 

7. Snlpnnr, . 



METALLOIDS. 




PAGE 


III. Trivalent. 


PAOB 


. 1 


8. Phosphorus, 


. 21 


. 1 


9. Nitrogen,. 


. 26 


. 6 


10. Boron, . 


. 30 


. 7 
. 11 


IT. Quadrivalent. 
11. SiUcon, . 


. 31 




12. Carbon, . 


. 33 


. 12 






. 12 ' 





KETALS. 



PAGB 




PAQB 


A. Alfcali-metals. 


13. Nickel, . 


. 54 


1. Potassium. . 38 


14. Cobalt, . 


. 56 


2. Sodium, . . 39 


B. Metals of the 


HgS 


3. Ammonium, . 39 


group ivhosesul 


)hides 


B. Ketals of the Alkaline 


are insoluble in: 


mftS. 


Earths. 


15. Mercury, . 


. 61 


4. Barium, . . 41 


16. Lead, . 


. 63 


5. Strontium, . 42 


17. saver, . 


. 64 


6. Calcium, . . 43 


18. Bismuth, . 


. 65 


7. Magnesium, . 43 
C. Metals ^ the NHaS 


19. Copper, . 

20. Cadmium, 


. 66 
. 68 


group. 


E. Metals of the 


H,S 


ft. AlnmininiTi, . 4f5 


group whose suli 


chides 


9. Chromium, . 47 


are soluble in N 


H5S. 


10. Iron,, . . 49 


21. Tin, . 


. 69 


11. Manganese, . 51 


22. Arsenio, . 


. 71 


12. Zinc, . 53 


23. Antimony, 


. 75 
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COURSE OF ANALYSIS. 



1. Pebliminaet Examination. 

A substance proposed for analysis must first be 
examined with reference to its physical properties. 
The form (whether fluid or solid, crystalline or 
amorphous, homogeneous or mixed); the color, 
hardness, lustre and specific gravity must be noted. 
Then tiie body subjected to the action of chemical 
forces, and first of all to an elevated temperature. 

1. The substance is heated (m platinum foil. 

a. It changes its color, becoming darker. If 
this phenomenon occurs, but speedily passes away, 
we may suspect the presence of Zn and Sn. If the 
darker color remains, Pb, Bi or some organic sub- 
stances are present. 

b. Observe whether the substance decrepitates, 
whether it evaporates or bums; whether, after 
continued heating, it becomes solid and remains so, 
or whether at a higher temperature it melts. (Thus 
sulphur is known, e. g.^ by its burning away with 
formation of SOj; iodine by the violet-vapors; 
observe whether a salt yields water;* whether the 
salt fl:eed fi:om water is then infusible {e. jr., 
AlfSaOu), or whether it fuses (c. jr., borax.) 

2. The substance is heated in a glass tube closed 
at one end. By this means we may detect the vola- 
tile constituents of bodies separable by heat. 
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a. Water condenses in drops in the colder por- 
tions of the tube. Its reaction must be tested with 
litmus paper (alkaline— NH3; acid— SOj, HCl, etc.). 

b. Ammonium salts are either volatile without 
decomposition and sublime (some directly from the 
solid state NH4CI, some after previously melting 
((NH4) SO4), in the colder part of the tube; or 
they are decomposed. In the latter case there fre- 
quently remains, during the escape of NH4, the 
lydrate of the acid, e. g., (KH^)^ PO4) or the salt is 
vholly broken up into gaseous products (NH4NO3.) 

c. Mercury compounds yield, for the most part, 
Mhen heated in the tube a deposit of metallic 
nercury; only HgCla, HgBra, Hglj are volatile with- 
oit decomposition. 

d. Arsenic compounds often give a sublimate of 
As^3 or a metaUic mirror. Sulphur and its com- 
pomds, with many metals, yield a yellow subli- 
mati of sulphur, which melts to red drops. 

3 The substance is heated with NasCOa and 
KNTO^i oxidizing fusion. By this means especiallj 
Mn aid Cr may be detected, by the green or yellow 
enamC 

4. rhe substance is heated on charcoal before 
the blovpipe, reducing flame. 

a. On heating the body alone on charcoal, the 
observaton before mentioned may, in part, be 
repeated Arsenic compounds yield a garlic odor. 
Metallic sulphides yield sulphurous acid, etc. If 
the substance melts and is absorbed by the charcoal 
we suspect salts of the alkalis. If the substance 
leaves behind an iofiisible white residue, there is 
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ground to mfer the presence of Ba, Si, Ga, Mg, Als 
and Za. The residue is then moistened with some 
CaNffO^ and again ignited. If it thereby becomes 
blue it contams AI3; if green, it is Zn ; if it becomes 
flesh color, it contains Mg. If the body deflagrates 
on heating it on charcoal, it contams either a 
chlorate or a nitrate. We tiien test the reaction of 
the residue, if it be alkaline (nitrates) or neutral 
(chlorates). 

b. Some of the original substance is mixed 
with Na^COa and KCy, and the mixture is heated 
before the blowpipe on charcoal* Arsenic con- 
pounds evolve by this means also the odor of garlia 
Sulphur compounds yields a sulphur slag (hepar). 
Many metals are reduced. 

a. Metal without incrustation — infiisible, Ni, 
Co, Fe, (Pt, Mo, Wo) ; fusible, Cu, Ag, Au, Sn. 

b. Metallic globule with incrustation — Sb, Iwit- 
tle, incr. white and volatile j Bi, brittle, incr. biown- 
ish yellow. Pb, malleable-incr., bright yellow. 

c. Incrustation without metallic globule: Zn 
white, yellow when hot, unchanged by heating. 
Cd dark brown. 

5. The substance is heated on platinum wire, 
in a non-luminous flame. The flame becmes col- 
ored by K violet, by Na yellow, by Si dark red, by 
Sr crimson, by Oa reddish yellow, by Ba greenish 
yellow, by Cu azure, by B2O3 green. 

6. The substance is fiised on platinum, on 
which is a clear bead of mic. salt (liraNH4HP04) or 
borax (NaJBo^Oi). The beads assume colors char- 
acteristic of the metals. 
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The flame whioh is now blown upcm the bead 
must be a Imninous one. In snob a flame the 
outer part oxidizes the substance^ the inner re- 
duces; h stands for hot, c for cold. 

Oxidmng flame. Reducing flcme, 

Gr green green 

Fe red (h) colorless (c) green 

Co bine htm 

On green (h) bine (c) brown opaqne 

Hn amethyst oolorless 

M (borax)., red (li) yeUow(o) gray (metal) especially 

on addition of tin. 
8i0s gives in the mic. salt bead a skeleton. 
Ba, Ca, Mg, added m large amonnt gire a milk iviiite bead. 

The preliminary testing for acids has been 
described under metalloids. This preliminaiy ex- 
amination throws light on the composition of sim- 
ple salts. The foregoing reactions serve to confirm 
the presence of substances detected in tbe wet 
way. Mixtures are to be studied m the wet way. 

2. DiEECTIONS FOB DiSSOLVINa THE SUBSTAKCES 
TO BE TESTED. 

a. If the substance is metallic^ heat it with 
cone. HNOa. An insoluble white residue oonsifils of 
BlhOi or SnOf This is diBsolved in yeJIow smmo- 
nic sulphide. Sb^Sa and SnS^ are precipitated from 
the solution by HCl, and tested for Sb and Sn as 
previously directed. 

b. The substance is not a metaL 

a. It is heated with water and watdhed to see 
if it dissolves. If there is a considerable fomoaoaA 
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dissolved the watery solution must be examined by 
itself. If traces only of the substance are dis- 
solved, it may be treated as if it were insoluble in 
water. 

b. One portion of the original substance, insol- 
uble in water, is treated with moderately dilute hot 
HCl, and another in like manner with HNO3. The 
acid which proves the better solvent is employed 
in dissolving the part insoluble in water. 

0. That which proves insoluble in HCl or HNO3 
is finally heated with aqua regia. In this are 
insoluble: AgCl, BaSO*, SiSO*, PbSO*, SiOg, CaFg 
ignited, AI2O3, 0r203 SnOa and C. The residue is 
digested with NH5O. In this AgOl is soluble (pre- 
cipitated agam on adding HNO3). With portion 
not soluble in NH5O the following investigations 
are made: 

1. One portion is ignited with Na«003 and KCy 
on charcoal. Hepar shows the presence of sul- 
phate. Metallic globules indicate tin or lead. 

2. A second portion is brought into a phospho- 
rus bead. SiO» gives a skeleton 5 Cra colors it 
green. 

3. Upon a third portion is poured cone. H3SO4. 
If CaPj is present, HF is thereby evolved. 

According to the result of these researches, 
break up tiie substance either by fusion with 
NajCOa (1 and 3), or with KHSO4 (ignited oxides). 
The fused mass is treated with water, and the resi- 
due insoluble in water is dissolved in HCl. 

Almost all compounds not soluble in aqua regia 
may be decomposed in the following way: The 
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insoluble substance is mixed with twice its weight 
of NaxGOs aQd 14 times its bulk of a mixture of one 
part powdered charcoal and 6 parts KNO3. The 
mixture is kindled in a porcelain capsule by a 
glowing splinter, the cold mass extracted with 
water, and what remains may be dissolved in acids. 

3. Detection of Metals m Solution. 

Solutions prepared according to the foregoing 
directions are made slightly acid; aqueous solutions 
are decomposed with a little HCl ; the solutions in 
acids are freed from excess of acid by evaporation. 
Solutions must not be too dilute, neitiier must they 
contain too much acid (HNO3 least of all). If a 
precipitate forms on the addition of HCl, it is dis- 
regarded and the solution is saturated with gaseous 
H^S. The precipitate collected on a filter and 
washed with a dilute solution of H2S. (See pages 
68 and 77.) The filtrate is treated with NH4CI sat- 
urated with NH5O and NH5S is added m slight 
excess. The resulting precipitate is collected on a 
filter, washed with water containing a little NH5S, 
and then treated as directed on page 57. The fil- 
trate is acidified with HCl, heated to expel all HjiS, 
filtered from the separated sulphur, and the solution 
tested for the metals of the alkaline earths and 
alkalis, as durected on page 44. 

It is not advisable to mix the aqueous and add 
solutions of the substance. The aqueous solution 
contains the alkaU compounds; in the acid solutions 
it is seldom necessary to search for these, but the 
acid solutions may contam the phosphates of the 
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metals of the alkaline eartibs, e^,y which are rarely 
foimd ia aqueous solution ; the exaniinati(m of the 
NH«S precipitate frcnn an aqueous solution is much 
more simple tMn that thrown down from an add 
solution. 

4. Detection op the Acids. 

We have already given directions for this part 
of the analysis (page^ 34). This course, however, 
must be modified when certain metals are present. 
The solution which results from heating the sub- 
stance with Na^COs may contain As, Sn, Al, Cr, Zn. 

In order to recognize these bodies, add to a part 
of tlie filtered solution dilute H3SO, to slight acid 
reaction, test with H2S for As and Sn, filter and 
test the filtrate with NH5O and NH5S for AI2, Crj and 
Zn. If gaiy of these metals have been found, next 
test a part of the origmal solution with BaOla for 
sulphates; acidify the remainder slightly with 
H2SO4, precipitate by HjS, NH5O and NH5S, then 
add a little H3SO4 heat to expel H2S, filter fix)m 
the separated sulphur, and eicamine for the acids as 
directed on page 34. 
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METALLOIDS. 



I. UNIVALENT METALLOIDS. 

1. Hydrogen. 

AtomH = l; Moleonle Hs = 2. 
Yapor density = 0.06926. 

A colorless, odorless, inflammable gas, which by 
combustion in oxygen forms water. 

2. Chlorine. 

At. a = 35.5 ; Mol. d, = 71. 
Vapor density = 2.45.* 

Greenish yellow gas of peculiar odor. Water 
absorbs at + 8^ C. four times its volume of this gas. 
In the light, chlorine-water is decomposed with 
evolution of oxygen. Free chlorine colors starch- 
paste, containing potassic iodide, blue (separation of 
I2) ; hydrosulphuric acid (HgS) is decomposed with 
precipitation of sulphur ; from ammonia, chlorine 

* The density of a vapor referred to air as unity may be 
converted into that which it has compared with hydrogen, by 
dividing by .06926 the specific gravity of hydrogen referred to 
air as nnity.— Watts, ^ 

SUPPLBMBirr TO NO. 3 BOWB. SOI. RBV. 



Digitized by LjOOQ IC 



liberates nitrogen. In the presence of wat«r it acts 
as an oxidizing agent, throwing down, for example, 
from a neutral solution of lead (PbC4H«04) a bright 
brown precipitate of PbClj and PbOa, and converts 
salts of dyad iron into those of hexad iron (potassic 
sulphocyanate). Organic coloring matters (indigo) 
are destroyed by chlorine. 

Hydrochloric add (HCl), M%matic acid, is a col- 
orless gas of a pungent, suffocating odor, which 
fumes in the an:, and with ammonia forms a white 
doud of ammonic chloride. Water absorbs this 
gas in large quantity ; and this aqueous solution is 
a powerftil solvent for bodies insoluble in water. It 
dissolves metals with evolution of H2 (Zn), or by 
the aid of free oxygen (Cu)j by dissolving basic 
metaUic oxides (CaO, Fe203) in hydrochloric acid, 
metaUic chlorides and water are formed; the higher 
oxides (MnOa) and the metallic acids (CrOa) yield, 
on heating with HCl, besides metallic chlorides and 
water, free chlorine; from salts hydrochloric acid 
displaces the other acids wholly (CaCOa, CaSiOs), or 
in part (Ca3P208). 

To detect hydrochloric acid, in the presence of 
free chlorine, the liquid is shaken with mercury, 
filtered from the insoluble residue of mercurous 
chloride (Hg2Cl2) and tested for hydrochloric acid. 
Pure hy(frochloric acid reddens htmus paper, but 
does not bleach it. 

The metaUic chlorides derived from hydrochloric 
acid, which are formed when the metal-atom, ac- 
cording to its quantivalence, replaces the hydrogen 
of the hydrochloric acid, are almost all soluble in 
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water; CU2CI2, PbCl, are soluble with difllciilty; 
AgCl, HgaCU, AuCa, PtCl, and the violet Cr,Cl6, are 
insoluble. 

Hydrochloric acid and soluble metallic chlorides 
give with argentic nitrate (AgNOa) a white, floocu- 
lent precipitate (AgCl) which blackens in the light, 
dissolves readily in amnionic hydrate, but is insolu- 
ble in nitric acid. Merct4/rou8 nitrate (Hg2N20e) pro- 
duces with Hydrochloric acid, or metallic chlorides, 
a white precipitate (HgjClj) which is easily soluble 
in chlorine water (forming HgCla), is not affected by 
dilute acids, but when ammonic hydrate is poured 
over it, turns black (HgjCla + 2NH5O = HgjHjiNCl + 
NH4CI-I-2H2O). With plumbic acetate (PbCAOO 
they give a white crystaDine precipitate (PbCl,) 
which is soluble in much water. 

All the metaUic chlorides, except the chlorine 
compounds of Ag, Hg, Pb and Sn, treated with hot 
concentrated sulphuric acid, evolve hydrochloric 
acid gas with the formation of sulphates; with 
manganic peroxide and sulphuric acid they yield 
sulphates and free chlorine ; with dry potassic chro- 
mate (EsCr04) and concentrated sulphuric acid they 
yield sulphates and chromoxychloride (CrOaClj), 
brownish-red vapors, which condense to blood-red 
drops, and form with ammonic hydrate a yellow 
solution (composed of NH4CI and (NH4)2Cr04). 

Of the five compounds of chlorine and oxygen 
the following, only, are mentioned here. 

1. Perchloric add HCIO4 (anhydride CI2O7) crys- 
tallized, is very stable. All its salts are soluble in 
water, the potash salt is the least so. Perchlorates 
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are decomposed with deflagration upon charcoal be- 
fore the blowpipe. Perchloric acid is hberated from 
its salts by sulphuric acid, but is not thereby de- 
composed. The aqueous solutions of perchlorates 
do not bleach vegetable colors, even upon the addi- 
tion of an acid. 

2. Chloric add HCIO3 (anhydride ClaOs) readily 
yields by heating in water, chlorine and oxygen. 
The chlorates without exception are soluble in wa- 
ter. Before the blowpipe, on cliarcoal, they defla- 
grate violentiy and leave behind a neutral residue 
of metaUic chloride, soluble in water. With HCl the 
chlorates evolve chlorine with formation of water 
and metallic chloride. When concentrated sulphuric 
acid is poured upon them, the chlorates first become 
colored brown, and then form sulphate and per- 
chloric acid, whUe there is hberated chloric tetrox- 
ide (Cl»04), a greenish-yellow gas, which is easily 
decomposed with explosion into CI3 and 2 Og. (Only 
a small quantity of the chlorates should be em- 
ployed.) An aqueous solution of the salts bleaches 
only upon the addition of an acid. 

3. HypocMorous add HCIO (anhydride CljO), is 
stable only in the dark. The hypochlorites are all 
soluble in water; they are generally mixed with 
metaUic chlorides, constituting bleaching salts. By 
heating they yield metaUic chlorides and chlorates. 
With acids pure hypochlorites evolve hypochlorous 
acid (with HCl they give off chlorine); with all 
acids bleaching salts yield chlorine. Aqueous solu- 
tions bleach, even by themselves; more powerfully 
upon the addition of an acid. With argentic nitrate 
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and mercurous nitrate the hypochlorites yield the 
corresponding metallic chlorides, with evolution of 
oxygen; with lead salts they yield, in the cold, 
PbCla and 0^ j by heating, brown PbOa and Cl^ ; with 
manganese salts they yield brown MnOa and 01,; 
with ammonic hydrate they evolve nitrogen. 









•oSipui 



O'H^ 



*OS^H 



lOH 



nO^H 



^o^H'oqd 



eo^Sy 






S S I B 



I 3 6 



I I 



o 



I I 



I 



o 



I I 



I s I 



6 



S 

<1 



^ 

<) 



; ■ O O O 

« 3 6 S 6 
5 M M M M 



Digitized by VjOOQlC 



3. Bbomike. 

At. Br. = 80 ; Mol. Br. = 160. 
Vapor density = 5.5. 

Bromine is a dark brown, almost black, liquid 
(of 3.18 specific gravity), which boils at 63° C. and 
solidifies at — 7.30C. Even at ordinary temperatures 
it is very volatile, giving off a brown vapor which 
has a characteristic disagreeable odor. In water it is 
only slightly soluble, but in alcohol, ether and carbon- 
ic disulphide it dissolves readily to a brown color. 

Free bromine, hydrobromic acid and metallic 
bromides behave exactly like the corresponding 
chlorine compounds, with the following exceptions: 

1. Free bromine dissolves in carbonic disulphide 
to a brown color ; starch paste is colored bright red 
by it. 

2. Metallic bromides yield, with concentrated 
sulphuric acid, besides HBr, fi-ee bromine and sul- 
phurous acid. With concentrated sulphuric acid and 
potassic chromate they yield fi-ee bromine. When 
chlorine wat^r is poured upon them, bromine is 
separated fi-om them ; by shaking with CSg, the firee 
bromine can be extracted irom the hquid; the CSj 
is thereby colored brown. Argentic bromide is less 
easily soluble than argentic chloride in NH5O. 

The only compound of bromine with oxygen to be 
mentioned here, is bromic add (HBrOs) (anhydride 
BrgOs). In its behavior it closely resembles chloric 
acid. The bromates resemble the chlorates, with 
the following exceptions: With concentrated sul- 
phuric acid, bromates, without explosion, yield Br, 
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and Oa; on charcoal, before the blowpipe, defla- 
grate, leaving a residue of metallic bromides. With 
AgNOa they give a precipitate (AgBrOa) which is 
readily dissolved in NH5O, but is difficultly soluble 
in HNO3; AgBrOa, differs from argentic chloride 
(AgCl) in this respect, that it yields Bra when con- 
centrated sulphuric acid is poured upon it. 

The bromates and the metaUic bromides, when 
together, are easUy distinguished, for such a mix- 
ture gives, with dilute acids, free Br,, while neither 
of the constituents, when alone, will show this re- 
action. 

Discrimination between Metallic Chlorides and 
Bromides. 

1. A part of the substance is tested, with Cl« and 
CSj, for Bromine, 

2. Another portion of the dry substance is mixed 
with dry KaCr04, and the mixture is heated with 
concentrated sulphuric acid. If a metallic chloride 
is present, CrOaCl, (page 3) is formed. 

4. Iodine. 

At. I. = 127; Mol.I,= 254. 

Vapor density = 8.8. 

At ordinary temperatures iodine is a gray solid 
of metallic lustre; specific gravity, 4.9; meltmg 
point, 1070 C. ; boiling point, ISQO C. It is volatile 
even at ordinary temperatures, diflftising violet va- 
pors, of characteristic odor, which easily condense 
to foliated crystals. Iodine is slightly soluble in 
water, dissolves readily in alcohol, ether, or an 
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aqueous solution of potassic iodide, giving a brown 
color ; In carbonic dlsulphide gives a violet color. 

Free iodine in its deportment closely resembles 
chlorine and bromine. From these iodine is plain- 
ly distmgidshed by the violet color which it unparts 
to carbonic disulphide, and by the blue color which 
it gives to starch paste. Blue iodide of starch is 
decolorized by heat, but in the presence of sub- 
stances which can set iodine free from its combma- 
tions, remains colored (for example, EHO gives EI 
and KIO3, HaSOs gives HjSO* and HI, CI, gives 1C\^ 
etc.). 

Hydriodic acid and metallic iodides differ from 
the corresponding chlorine and bromine compounds, 
in the following particulars : In water there are in- 
soluble, besides those iodine compounds correspond- 
ing to the insoluble metallic chlorides and bromides, 
also mercuric iodide Hglg and palladious iodide 
Pdlj. Yellow argentic iodide is insoluble in HNO3 
and in NH5O, when quite pure it is unaffected by 
light. With cupric salts (CUSO4) metallic iodides 
give cuprous iodide (Cujla) (most readily upon the 
addition of H2SO3, by which the free I2 is removed). 
With concentrated H2SO4 the metaUic iodides yield 
free iodine, sulphurous acid and sulphates. With 
concentrated H2SO4 and MnOa, or KaCr04, also free 
iodine, Ij. Nitrous acid (potassic nitrite KNO2, in 
acid solution) sets iodine free from metallic iodides 
(formation of NO). When the metallic iodides are 
shaken with a little chlorine water they yield free 
la, recognized by means of CSj or starch. 

Iodic acid HIO3 (anhydride IjOg) crystallizes. 
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The alkaline iodates are soluble in water, all others 
are insoluble. Argentic iodate is a white flocculent 
precipitate, which separates when a solution of an 
iodate is decomposed by argentic nitrate ; it is solu- 
ble in NH5O, very difficultly soluble in HNO3. Only 
HIO3 is set flpee from the iodates by sulphuric acid, 
but this is not decomposed. If metallic zinc is 
added to a solution of an iodate in dilute H2SO4, 
there are formed, by means of the nascent hydro- 
gen, water and hydriodic acid, and this yields free 
iodine, with simultaneous formation of iodic acid. 
EI produces in a solution of an iodate, acidified 
with H2SO4, a separation of I2. 

On this account an iodate is converted into a 
metallic iodide to be tested; it is necessary merely 
to acidify the solution with sulphuric acid. If both 
compoimds are present, iodine is separated; neither 
alone gives this reaction. 

TABLE, 
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Detection of Metallic Chlorides, Iodides and Bra- 
mideSj in the presence of each other. 

The presence of these bodies is shown by AgNOa. 
If in an aqueous solution of a body there is pro- 
duced, by AgNOs, a precipitate insoluble in HNO3, 
the metallic chlorides, bromides and iodides are 
identified in the following manner : 

1. A part of the aqueous (neutral or shghtly 
acid) solution is shaken with CS2 and a Uttle CI2. 
CS2 violet : iodine — brown : bromine. If a metal- 
lic iodide has been detected, an excess of CI2 is 
added until the violet color of the CS2 disappears. 
If the CS2 is then brown, there is a metalUc bro- 
mide present with the iodide; if the CS2 is colorless, 
the absence of a metaUic bromide is shown. 

2. If a metallic iodide has been detected, test 
for a metallic chloride by precipitating the aqueous 
solution with AgNOs, treating the precipitate with 
NH5O, filtering, and acidifying the filtrate with HNO3. 
Any AgCl previously dissolved by NH5O is now pre- 
cipitated. 

3. A metaUic chloride can be detected in the 
presence of a metalUc bromide only when the 
chlorine is driven off as Cr02Cl2. 

Insoluble compounds are fused with Na2C03, the 
fiised mass is dissolved in water, the filtered solu- 
tion is neutralized by HNO3 and tested as before 
described. Instead of fiuxing with Na2C03, it can 
be heated for a long time in a concentrated solu- 
tion of this salt, filtered, and the filtrate then treated 
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as the aqueous extract of the fused mass above 
mentioned. 

6. Pluoeinb. 

At.P = 19; Mol. P8=38. 

Fluorine is the only metalloid which we have 
been unable to isolate. 

Hydrofluoric add HP, is a colorless corrosive 
gas, powerfully attacking the respiratory organs; 
easily condensed to a liquid ; absorbed by water in 
large quantities. Hydrofluoric acid differs from all 
other acids in that it dissolves silicic acid with the 
formation of silicic fluoride (SiF4) and hydrofluo- 
silicic acid (H2SiPe). 

Hydrofluoric acid dissolves the silicic acid of silic- 
ates ; it also etches glass. Of the metaUic fluorides 
those of the alkaline metals are soluble in water, 
and possess an alkaline reaction. Of the com- 
pounds of fluorine with the other metals the fol- 
lowing, only, are soluble in water: AgP, HgFg, 
Fei^6, Al^Pg, SnPg. . The metallic fluorides insoluble 
in water dissolve in hydrofluoric acid, forming crys- 
tallizable double salts. 

With concentrated sulphuric acid fluorine com- 
IK)und8 give off hydrofluoric acid, which can be 
recognized by its etching glass. (See, also, sihcon 
and boron.) 
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II. BIVALENT METALLOIDS. 

6. Oxygen. 

At. = 16; MoLOa = 32. 
Vapor density, 1.108.* 

Oxygen is a colorless, odorless permanent gas ; 
a glowing splinter of wood when plunged into it 
bursts into flame. Oxygen, in combination, is de- 
tected by ignition in a stream of hydrogen, or 
mixed with carbon. The water produced in the 
first instance, or the carbonic oxide or acid in the 
latter, prove the presence of oxygen. 

7. SULPHUE. 

At. S.=32; Mol. Sfl=192 (at 500° 0.) S«=64 (above &XP C.) 
Vapor density at 500° C.=6.634; above mP C.=2.216. 

Sulphur is a yellow solid which can exist in 
three forms. In nature, or from solutions, it crys- 
tallizes in elongated octahedrons ; by slow cooling 
from the melted state, in obhque prisms ; by sud- 
den cooling from a temperature above 260^ C. it is 
obtained as an amorphous mass. The specific 
gravities of these modifications differ from each 
other, being respectively 2.06, 1.96. 1.91. 

Sulphur melts at 110<^ C.j becomes viscid at 
160O C. ; at 250O C. it is a hmpid Uquidj at 420^ C. 
it boils. 

Heated with access of air, sulphur takes fire at 
270^ C. In water, Sg is insoluble; CSa, sulphur 
chloride and volatile oils dissolve it. Sulphur is 

• 1.1056.— FTartj'f IHct., iv., 288. 
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easily recognized by its inflammability, and by the 
odor of the sulphurous acid formed from its com- 
bustion, 

Hydromlphtmc add H2S, is a colorless gas of a 
characteristic disagi^eeable odor. The gas bums 
with a blue flame, yielding water and sulphurous 
acid. At ordinaiy temperatures water absorbs two 
or three times its volume of this gas. Exposed to 
the air, this aqueous solution becomes cloudy from 
separation of sulphur, Hydrosulphuric acid gas 
acts as a reducing agent, depriving the higher com- 
poimds of chlorine, oxygen, etc., of chlorine, oxygen, 
etc., with fonnation of hydrochloric acid, water, 
etc., and separation of sulphur (e. g., Fe2Cle, HNO3, 
H,Cr04). 

The gas decomposes all metallic oxides with the 
formation of metallic sulphides, and water. The 
metals are divided into three great classes, accord- 
ing as their sulphides are soluble in water or in 
dilute acids, or precipitable from solutions which 
are either neutral or shghtly acid. This difference 
of behavior is made use of in distinguishing the 
metals from each other, itet,' the last class of 
metals is precipitated from a slightly acid solution 
by H2S, the filtrate is neutralized, and the second 
class is precipitated with NH5S (solution of HjS m 
NH9O); the filtrate from this precipitate contains 
the first class. 

Hydrosulphuric acid is recognized by its odor, 
as weU as by the separation of black plumbic sul- 
phide (PbS) when the gas comes in contact with 
paper moistened with a solution of lead. Of the 
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fiietalllc sulphides, the compounds of sulphur with 
the alkaline metals are easily soluble m water; 
those with the metals of the alkaline earth are less 
soluble; both of these classes of metallic sulphides 
dissolve in water, with decomposition, forming sul- 
phydrates and hydrates (e.g., K2S + H20 = KHS + 
KHO). Solutions which contain only sulphydratesy 
treated with MnCl2 give MnS and HzS; on the other 
hand, solutions of metaUic sulphides (sulphydrates 
and hydrates) give only MnS without evolution of 
HgS. All other metallic sulphides are insoluble in 
water. Some, as aluminic. sulphide and chromic 
sulphide, are decomposed by water into hydrate 
and hydrosulphuric acid. 

Solutions of metalhc sulphides are not stable in 
tlieair. At first colorless, they soon turn yellow, with 
formation of polysulphide (K^S^) and metallic hy- 
drates; the polysulphides then pass into hyposul- 
phites (K2S2O3), sulphites {K2SO3), and sulphates 
(K2SO4). Since the metalhc sulphides are soluble 
in alcohol as well as in water, but the products of 
their oxidation are either insoluble or only partially 
soluble with difficulty in the former (e.g., MgSO*), 
the presence of the oxygen salts resulting from 
oxidation can be shown by the cloudiness which 
ensues when concentrated aqueous solutions of 
metallic sulphides are shaken with excess of 
alcohol.* 

Also many metallic sulphides insoluble in water 

♦ Metallio snlpliides may be removed by an alkaline solu- 
tion of zinc chloride. Filter from the ZnS formed, exactly 
neutralize the filtrate with HCl, and test for the sulphur acids. 
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become oxidized very quickly in the presence of 
moist air (PeS gives POgOs and S3, or PeS04). All 
metallic sulphides become decomposed by ignition 
in a current of air. On the addition of hydrochloric 
acid, metallic sulphides evolve hydrosulphuric acid. 
HgS, AU2S3, AS2S3 are not changed by even concen- 
trated hydrochloric acid. Nitric acid oxidizes all 
metalUc sulphides except mercurous sulphide. The 
metallic sulphides generally are by nitric acid con- 
verted into sulphates (PbS04 is insoluble) ; the only 
exceptions are Sb^Sa and SnSg, which in excess of 
nitric acid yield insoluble oxides. 

Mtrohydrochloric acid decomposes all metallic 
sulphides with formation of metallic chlorides. All 
metallic sulphides ignited, betbre the blowpipe, with 
sodic carbonate, yield sodic sulphide ; this can be 
easily recognized by the dark spot of argentic sul- 
phide which appears when a few drops of its aque- 
ous solution are placed upon a bright silver coin. 

A drop of this solution of sodic sulphide pro- 
duces in sodic nitroprusside a violet color. With 
acids this solution evolves hydrosulphuric acid. 

A solution of soluble metaUic sulphides is recog- 
nized, in the presence of hydrosulphuric acid, by 
sodic nitroprusside. 

Sulphuric acid H3SO4 (anhydride SO3 is an asbes- 
tiform soUd) is an oily liquid of specific gravity 
1.843, boiling point 326^ C. Fuming sulphuric acid 
(Nordhausen oil of vitriol) is a combination of the 
hydrate and the anyhydride, H.2S2O7. Concentrated 
sulphuric acid attracts water to itself with great 
energy, even from organic substances, and sepa- 
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rates carbon firom these (reduced to coal), Suh 
phmic acid is the strongest of the acids. It can 
drive out all other acids in the wet way. Heated 
to redness it is driven out firom its combinations by 
some other adds^ e. g.^ silicic acid. 

The neutrai sulphates sre all soluble in water^ 
except those of barium, strontium and lead. These 
salts are insoluble also in dilute acids. (Mcic sul- 
phate (g3rpsum) is soluble with diflSteulty in water. 
All sulphates are ins(duble in j^cohol except a few, 
as ferric sulphate ond hydrated chromic sulphate. 
Crystallized magnesic sulphate (MgSQ4+7H20) is 
soluble in alcohol only with difficulty. Only the 
sulphates of the alkaline metals, of barium, stron- 
tium^ calcium and lead, can be heated to redness 
without undergoing decomposition. (Pe^Qij yields 
PeaOa and SO3 j PeSO* gives PeA, SO3 and SOj.) 

Sulphuric acid and soluble sulphates are recog- 
nized by the white precipitate which BaCla produces 
in their solutions, sh^tly acidulated by Hd. The 
presence of sulphuric acid in insoluble sulphates is 
shown by fusing them with Na^COa, as directed 
(page 10) in the case of insoluble chlorine com- 
pounds. The sodic salt is dissolved in HCl and 
then tested with BaCla. Pree sulphuric acid in 
presence of sulphates cannot always be recognized 
by the acid reaction of the solution ; many neutral 
sulphates redden blue litmus paper. If sugar is 
added to the substance to be tested, and the whole 
be then heated in the water-bath, a brown colora- 
tion of the sugar shows the presence of firee sulphuric 
acid. Ultramarine paper is bleached by free acids. 
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All sulphates treated with NaaCOs on charcoal 
before the blowpipe, yield sodic sulphide. 

Sulphurous acid H2SO3. The anhydride (SO2) is a 
gas having the characteristic odor of burning sul- 
phur. This gas is largely absorbed by water, with 
formation of hydrate. In aqueous solution the acid 
combines with oxygen to form sulphuric acid. It 
takes oxygen from the an* or from bodies rich in 
oxygen. (PbOa gives PbSO*; AgNOa gives Ag, NO 
and H2SO4). Compounds rich in chlorine, bromine 
or iodine become reduced to lower chlorides, brom- 
ides or iodides by the decomposition of water (Fe2Cl«, 
HgCla). Sulphurous acid bleaches organic colors. 

Sulphurous acid is easily recognized by its odor, 
and by its reducing action with formation of sul- 
phuric acid. In order to detect shght traces of 
sulphurous acid, the solution is heated with stan- 
nous chloride (SnCl2), HCl and a drop of cupric std- 
phate, when black cupric sulphide separates (SnClj 
becomes SnCl4), or it may be known by its forming 
HgS in the presence of HCl and metaUic zinc. 

Only the sulphites of the alkali-metals are solu- 
ble in water, all others are insoluble in water, but 
are soluble in acids, even in free sulphurous add. 
The solutions combine energetically with oxygen, 
forming sulphates. All evolve sulphurous aeid with 
HCl or H2SO4. 

Ba/ric chloride yields in a neutral solution of a 
sulphite a white precipitate insoluble in water, but 
easily soluble in HCl ; BaS04 is separated from this 
solution on addition of chlorine water. 

Argentic nitrate gives with the soluble sulphites 

8UPPLEMBNT TO NO. B BOWD. SCI. BB7. 
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a white precipitate (Ag2S03), which on heating be- 
comes dark with separation of Ag2. Argentic sul- 
phite dissolves easily in HNO3. All sulphites are 
decomposed at a red heat. They yield, some sul- 
phides and sulphates (K2SO3), others give off sul- 
phurous acid, leaving behind metallic oxides (CaSOs). 
On charcoal before the blowpipe they deport them- 
selves like sulphates and sulphides. 

Hyposulphurous add H2S2O3. The hydrate, as 
wdl as the anhydride (S2O2), is unstable. They are 
easily decomposed into sulphur and sulphurous 
acid. The hyposulphites of the alkah-metals, and 
those of the metals of the alkaline earths, are sol- 
uble in water* The others are insoluble, but are 
less known, since they are easily decomposed with 
separation of metallic sulphides (PbS203, Ag2S203, 
Hg2S203). The hyposulphites insoluble in water 
dissolve in an excess of alkali-hyposulphite, with 
formation of double salts (e.g., Ag2S203+2NaijS203). 
The hyposulphites behave in other respects like 
sulphites combined with sulphur. Treated with 
acids they evolve sulphurous acid with precipitation 
of sulphur, etc. Treated with oxidizing bodies, as 
HNO3, NaClOs, etc., they pass whoUy into sulphates; 
iodine alone, forms with the hyposulphites of the 
alkali-metals tetrathionates (Na2S406) and metaUic 
iodides. On charcoal before the blowpipe they give 
the reactions of the ottier sulphur compounds. 

The ss^ts of a regular series of oxidation com- 
pounds of sulphur, called di-, tri-, tetrar and penta- 
thionic acids (H2S20e, H2S30e, etc.), are distinguished 
frcnn l^e sulphates and sulphites by the fact that 
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their barium salts are soluble in water; from the 
hyposulphites they are distinguished by the fact that 
the baric dithionates give on decomposition with 
hydrochlwic acid, baric sulphate, and sulphurous 
acid, but the barium salts of the other acids give 
baric sulphate, sulphur and sulphiffous acid. 

TABLE. 





HCl 


BaCU 


BaCls+HCl 


KHS-fKHO... 
K2SO4 


H,S 

HjO-fSOa 
HaO+SOa+S 


BaS04 
BaSOs 


HsS 
* BaS04 


KsSOa 

KsSjOa 


HaO+SOa 
HaO+SOs+S 



Detection of .SulphtMr Compounds, 

The presence of any sulphur compound what- 
ever may be known by the deportment of the body 
under examination with NaaCOa on charcoal before 
the blowpipe. 

If a substance soluble in water is presented for 
examination, we first satisfy ourselves by treating 
a portion of it with HCl, whether metallic sulphides 
are present. 

If this is the case, a conc^itrated solution of 
the original substance is shaken with an excess of 
alcohol and filtered. In the filtrate then the sul- 
phydrates, monosulphides and polysulphides are 
easily distinguished by their deportment with MnCla 
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and with HCl. On the filter remain the combinations; 
with H2SO4, H2SO3 and H2S2O3. They are dissolved- 
in water, and the neutral solution is decomposed 
with BaCU. By this means BaS04 and BaSOa are 
precipitated, BaS203 remains in solution. 

The solution is filtered firom the precipitate, the 
precipitate thoroughly washed. This filtrate is tested 
for hyposulphites by heating with HCl (precipitation 
of S) . Dilute hydrochloric acid is then poured upon 
the precipitate on the filter. If there remains an 
insoluble residue, it consists of BaS04. A sulphate 
is thereby indicated. The acid filtrate contains BaClj 
with H2SO3. . On addition of CI2, H2SO3 is converted 
into H2SO4. Upon the addition of CI2, BaS04 is. also 
precipitated fi'om the hydrochloric acid solution of 
the baric chloride precipitate, when sulphites are 
present. 

In insoluble compounds metallic sulphides are 
recognized by HCl. The substance is heated for 
some time with a concentrated solution of Na2C03, 
and filtered, and the filtrate neutralized with HCl j 
this neutral solution is tested t(x H2SO4, H2SO3 and 
H2S2O3. 

Detection of the Sulphur Compounds in the presence 
of the Metallic Chlorides^ Bromides and Iodides, 

Two portions are employed, one of which is ex- 
amined for the sulphur compounds, the other for 
the metalUo chlorides, bromides and iodides. The 
reaction of the sulphur compounds is not destroyed 
by the presence of the metallic chlorides, bromides 
or iodides. Prom one portion of the original sub- 



Digitized by LjOOQ IC 



21 



stance a neutral solution is made which is tested 
with BaCl2 for sulphates, sulphites and hyposulphites. 
But with the metallic chlorides, bromides and iodides, 
sulphites and hyposulphites would be immediately 
precipitated by AgNOj, if the second portion were 
taken in neutral solution. In order to prevent this 
the precipitation with AgNOa must be effected in a 
solution acidified with nitric acid, which, if neces- 
sary, is fireed from precipitated sulphur by filtering. • 

III. TEIVALENT METALLOIDS. 
8. Phosphokus. 

At. p. = 31; Mol.P4 = ;24. 
Vapor density, 4.335. 

Phosphorus presents two modifications. That 
obtahied by distillation is a white, waxy, transpar- 
ent mass of crystalline structure, having sp. gr. 
1.8; melting point, 440j boiling point, 290^; igni- 
tion point, in the an*, 60°. Exposed to the an- it 
unites energetically with oxygen, evolving a pecu- 
liar odor, and inflames spontaneously. It is insolu- 
ble in water, but soluble in ether, carbonic disul- 
phide and volatile oils. Exposed to the light it 
becomes dark-colored, and at the surface passes 
over into the other modification; long exposed to a 
temperature of 240^ — 250^, it passes whoUy into 
the second modification. In this the phosphorus 
is red, and has a sp. gr. of 2.1. Does not dissolve 

* Exeioise in the detection of separated sulphur compoiuids 
by the acids heretofore considered. Qnantitatiye estimation 
of sulphuric acid in Glaubef s salt. Estimation of sulphur 
in copper pyrites. 
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in the before mentioned solvents ; is not inflamed on 
exposure to air; but on heating to 290° is con- 
verted into the original form. 

Phosphorus is a violent poison. It can be de- 
tected in poisonous substances if they be mixed in 
a flask with moderately concentrated sulphuric acid, 
and distilled off through a well cooled glass tube. 
The vapor is luminous in the tube. 

Fhosphoretted hydrogen PH3 (gas), P2H4 (fluid), 
V^% (sohd), possesses a very characteristic odor, 
and becomes inflamed spontaneously on exposure 
to the ah*, with formation of phosijhoric acid. 

Metallic phosphides may be recognized from this 
cuxiumstance, that they all, with caustic potash, 
evolve phosphoretted hydrogen j the phosphides of 
the metals of the aU^ahes and the alkaUne earths 
exhibit this reaction with water. 

Phosphoric add. The anhydride P2O5 is a white, 
snowy mass, which in the air powerfully attracts 
moisture and deUquesces. It forms three hydrates : 
H3PO4, H4P2O7, HPO3. These hydrates are called 
the ortho- (tribasic), para- or pyro- (dibasic), meta- 
(monobasic) phosphoric acid. 

a. Ortho-phosphoric a^id H3PO4, is a vitreous 
mass, rapidly deliquescing in the air, which, with 
BaCl2, AgNOa, and albumin, gives no precipitate. 
If the HNO3, liberated from a solution of the hy- 
drate decomposed by AgNOs, is removed by addition 
of NaCyHsOa, a yeUow precipitate (Ag3P04) is ob- 
tained. Phosphoric acid forms three classes of 
salts, according as one, two, or three atoms of hy- 
drogen are replaced by metals. The salts in which 
only one hydrogen atom of the hydrate is replaced 
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by a metal, are all soluble in water, with well 
marked acid reaction. They yield a yeUow precip- 
itate with AgNOa. Of the two other series only the 
alkali-compounds are soluble in water, and these 
have an alkaline reaction. All phosphates are easily 
soluble in mineral acids. 

The soluble phosphates (in which at least two 
hydrogen atoms of the hydrate are replaced by a 
metal,) give, with BaClg, a white precipitate, BaHP04, 
which is soluble even in acetic acid 5 with AgNOa a 
yellow precipitate (Ag3P04) is formed in a solution 
of the ortho-phosphate, which is easily soluble in 
HNO3 and m NH5O. With a clear mixture of MgSOi, 
NH4CI and NH5O, the phosphates give a crystalline 
precipitate, MgNH4p04 5 with ferric chloride they 
give a bright yellow precipitate (Fe^PaOs) which is 
insoluble in acetic acid. 

Ammonic molybdate [(NH4)2 M0O4], in a weak 
nitric acid solution of the phosphates, gives a green- 
ish yellow precipitate, which is soluble in excess of 
phosphates, and easily soluble in NH5O. In hisolu- 
ble phosphates phosphoric acid is recognized if the 
substance mixed with much tin is treated with con- 
centrated nitric acid. The resulting stannous oxide 
removes all the phosphoric acid. This mass, insol- 
uble in nitric acid, is dissolved in caustic soda, the 
solution Is saturated with H2S, acidulated with acetic 
acid and filtered. The tin then remains on the filter 
as sulphide. The phosphoric acid is fi'ee^in the 
solution, and is easily detected by means of the 
magnesium mixture. When these metals, with 
which phosphoric acid is combined, form insoluble 
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sulphur compounds, it is only necessary to suspen 
the phosphate in water and pass H2S through it. 
In this case, also, phosphoric hydrate goes into so- 
lution (NH5S acts in like manner). 

6. Pyro-phosphoric acid H4P2O7, in the free 
state, gives a precipitate either with BaCl2, or with 
AgNOs, or with albumin. If a solution of the hy- 
drate be decomposed with NaC2H302, AgNOs gives a 
white precipitate (Ag4P207). This precipitate sepa- 
rates also, if the solution of a pyro-phosphate be 
decomposed with AgNOs. In other respects the 
pyro-phosphates are like the phosphates, and upon 
heating with alkalies, or with nitric acid, they easily 
pass into ortho-phosphates. 

c. Meta-phosphoric add HPO3, even in the free 
state, gives, with BaCU, abumin or AgNOs, white 
precipitates insoluble in acetic acid. Meta-phos- 
phates, also, easily pass into phosphates. 

TABLE, 





BaCls 


AgTi03(withNaaH300 


Albumin 


H3P04.. 
H4P307.. 
HP03... 


BaPaOe 


AgiP04 (yeUow) 
Ag4P907 (white) 
AgPOs (white) 


Goagolates 



In order to obtain the acid hydrates from the 
salts, they are decomposed by PbC4H604, the precip- 
itate is thoroughly washed, suspended in water, 
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treated with E^y filtered, and the filtrate tested, 
after the excess of HsS is expelled by heat. 

Phosphorous acid H3PO3 (anhydride P2O3) is de- 
composed on heating into phosphoric acid and 
phosphoretted hydrogen. Only the phosphites of 
the alkali-metals ar^ soluble in water.* Heated 
with caustic soda they yield phosphates, with evo- 
lution of H2. Phosphorous acid is characterized by 
its reducing action. AgNOs and Hg2N206 give witi 
H^POa, metal; H2SO3 yields Sj. It can be easily 
recognized in the presence of phosphoric acid by 
the precipitation of sulphur from sulphurous acid 
and by the blackening of mercuric oxide on heat- 
ing j it is very poisonous. 

Hypophosphorous' add H3PO2 (anhydride P2O) 
is decomposed by a moist heat into phosphoric acid 
and phosphoretted hydrogen. The hypophosphites 
are all soluble in water. They yield on heating, 
pyrophosphates and phosphoretted hydrogen. In 
their reactions they closely resemble the phosphites, 
but are distinguished from them by the solubility of 
the calcium salt 

TABLK 





AgNO, 


GaHaO, 


HsSOs 


HjPO* 


A«»P04 


Ca«HP04 
GasHPOs 




HiPQa 


S 


HjPOt 


g 







SUFFLBHBirr TO HO. 6 BOWD. SOI. RBV. 
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Detection of Phosphoric Add in the presence of 
the compounds previoitsly described. 

Phosphoric acid remains in solution on the pre- 
cipitation of the metallic chlorides, bromides and 
iodides, by-AgNOa from a nitric acid solution, and 
can be detected in the filtrate of the silver salts by 
carefully neutralizing with annnonic hydrate. 

BaCl2 precipitates from a neutral solution phos- 
phoric acid as well as sulphiuic and sulphurous 
acids. If the precipitate is treated on the filter 
with HCl, both the phosphate and the sulphite pass 
into solution. A residue on the filter, insoluble in 
HCl, indicates H2SO4. The hydrochloric acid solu- 
tion is then divided into two portions. One is test- 
ed with chlorine water for H^SOaj the other heated 
with moderately dilute H2SO4, filtered from the pre- 
cipitated BaS04, and finally tested with magnesium 
mixture for H3PO4.* 

9. NiTEOGEN. 

At.K. = 14; Mol.K8 = 28. 
Vapor density, 0.927. 

Nitrogen is a colorless, odorless, permanent gas, 
which is neither combustible nor a supporter of 
combustion. 

Ammonia NH3, is a gas of characteristic odor ; 
it unites with water, hydrosulphuric acid, and acid 
hydrates to form ammonium compounds (salts of 
NH4). Since these have a close resemblance to the 

* Example for practice. Estimation of phosphoric acid in 
NaaHP04-fl2HaO. 



L. 
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compounds of the alkaJi-metals, we may best con- 
sider ammonia and its compounds with the metals. 

Nitric add HNO3 (anhydride N2O5, said to be 
a solid crystalhne niass) is a colorless liquid, sp. gr. 
1.5, boiling point 86^. It readily absorbs water 
from the air, and is decomposed in the light with 
yellowish discoloration, partly, into nitryl (N2O4), 
water and oxygen. The same decomposition occurs 
on heating nitric acid to a higher temperature. The 
acid, varying in color from the yellow of nitryl to a 
brownish-red, is called "ftiming." On addition of 
water the color is removed. 

Dilute nitric acid is stable in the hght. Nitric 
g|cid readily yields oxygen j it acts as an oxidizing 
argent, with formation of water and nitrous oxide 
(NO). Nearly all metals, except Au, Pt, Sn and 
Sb, are dissolved with evolution of NO to form 
nitrates J all the lower metalhc oxides are carried 
up to the highest degree of oxidation (except MnO) ; 
all metallic sulphides are oxidized by it (except 
HgS). Sn, Zn and Fe are dissolved in cold di- 
lute nitric acid, with formation of ammonic ui- 
trate' (NH4NO3). Organic substances decompose 
nitric acid with formation of a yellow color (indigo). 
Aqua regia (NOCl, NO2CI, CI2) is a mixture of nitric 
and hydrochloric acids. The nitrates generally are 
soluble in water, some in solution yield basic salts, 
which are insoluble m water (e. g.,BiN309 gives 
BiN04). 

The nitrates of the alkali-metals are insoluble in 
alcohol. They are all decomposed at a red heat.^ 
Under this treatment the nitrates of the alkaU-met- 
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als first yield nitaiteS; while the others directly form 
metallic oxides (NH4NO3 gives N2O). On charcoal 
before the blow-pipe the nitrates deflagrate like the 
chlorates, but leave behind metallic oxides or car- 
bonates; therefore, if an alkali-nitrate be tested, 
there remains on the coal a residue which has an 
alkaline reaction when dissolved in water. 

Nitric acid, hke the nitrates, is best recognized 
by the oxidizing action of free nitric acid. Nitric 
acid is liberated from the nitrates by concentrated 
sulphuric acid. In such a mixture metallic copper 
is dissolved with evolution of NO. Ferrous sul- 
phate produces a brownish-black color (PeS04 be- 
comes Pe2S30i2 J the NO formed thereby being ab- 
sorbed by the excess of PeS04 with a black color;) 
indigo becomes decolorized. The nitw^n of nitric 
acid can be converted into other nitrogen com- 
pounds easy of recognition; by means of zinc and 
sodic hydrate into NH3; by means of zinc and a 
little hydrochloric acid into N2O3. 

Nitrom add HNO2, is not stable. The anhy- 
dride, N2O3, is a bluish-green liquid which is dissi- 
pated in brown-red vapors. With water it is de- 
composed into HNO3 and NO. The nitrites of the 
metals of the alkalies and the alkaline earths are 
soluble in water and alcohol; the others are lit- 
tle known (cobalt salts in acetic acid solution 
give a yellow precipitate whose composition is 
CoaKsNioOai). (C026 NO2 + 6 (KNO2) + Aq. Sadtler.) 
All nitrites are decomposed by heating their aque- 
ous solutions — more readily by heating to redness. 
(NH4NO2 yields N2.) The solutions of the nitrites 
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act as deoxidizing {^ents. (Auda, AgNOs, Hg^NA^ 
give with nitrites a metallic precipitate; KMn04 
immediately becomes decolorized). In weak acid 
solution nitrous acid separates the iodine from po- 
tassic iodide, and precipitates sulphur from hydro- 
sulphuric acid. The deportment of nitrous add in 
other respects is identical with that of nitric acid. 

Nitrous acid can be easily recognized in pres- 
ence of nitric acid by the preparation of I2 from KI, 
and by the unmediate discoloration of KMnOi. To 
detect nitric in presence of nitrous acid the sub- 
stance under trial is evaporated to dryness, with 
sodic hydrate, on tiie water-bath; by means of 
alcohol the sodic nitrate can afterwajrds be removed. 

Nitric peroxide N2O4, is cpntahied in ftoning 
nitric acid; its presence is easily recognized by its 
deportment with water. The brown-red liquid on 
the addition of a Uttle water becomes green, then 
blue (N2O3), and ultunately coloriess. 

Nitric oxide N2O2, is a colorless gas which forms 
brown fumes of nitric peroxide on exposure to the 
air. 

Nitrom oxide N2O, is a colorless gas bearing a 
close resemblance to free oxygen, but on combus- 
tion with hydrogen it leaves a residue of nitrogen. 

In presence of all the before-mentioned acids, 
any of the series of oxygen compounds with nitro- 
gen is easily recognizable by its deportment with 
ferrous sulphate, or by the separation of iodine 
from potassic iodide, when a weak hydrochloric 
acid solution is treated with zinc. 
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10. Boron. 

At.'B = ll; Mol.B«=22. 

Boron is a solid body which exhibits an amor- 
phous, graphitoid and diamond-hke form. It bums 
in the an* to form boric anhydride (BgOa); and 
dissolves in sodic hydrate with evolution of Ha. 
Boric acid, H3BO3, is a crystalline, somewhat vola- 
tile, substance. When heated with excess of water 
considerable quantities are carried off with its va- 
por. The anhydride, B2O3, is a vitreous amorphous 
mass, which is not decomposed by heat. The acid 
in aqueous solution possesses feeble acid qualities; 
but melted it is one of the strongest acids, and is 
often used in breaking up insoluble compounds. 
Boric acid imparts a green color to a non-luminous 
flame; a weak acid solution colors turmeric paper 
brownish-red, which is first noticeable when the 
paper becomes dry. The borates of the alkali-met- 
als are easily soluble in water, with alkaline re- 
action. All other salts are soluble with difficulty, 
but none are wholly insoluble. Moistened with 
concentrated sulphuric acid they color a non-lumi- 
nous flame green. Dissolved in dilute hydrochloric 
acid they redden turmeric paper. A very decisive 
reaction is based upon the formation of boric fluor- 
ide (BF3), when a mixture of borates, CaFa and 
H2SO4, is heated. The boric fluoride is gaseous. 
If the gas is conducted into alcohol, and this be 
lighted, it bums with a green flame; if the gas be 
conducted into water, boric acid is separated, and 
is easily recognized in the aqueous solution. 
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[In the course of qualitative analysis the triva- 
lent metalloids, arsenic, bismuth and antimony, 
properly belonging here, are grouped with the met- 
als, and on this account are better treated with 
them later.] 



IV. QUADEIVALENT METALLOIDS. 
11. Silicon. 

Atom Si =28. 

Silicon is an amorphous and crystalline solid of 
a gray color. It is with difficulty burned in the sir 
to form Si02 ,• it dissolves in sodic hydrate with evo- 
lution of H2. 

Silicic acid H2Si03, is a gelatmous mass, some- 
what soluble in water. On drying it loses its water 
and forms the anhydride SiO^, which is entirely in- 
soluble m water. This anhydride occurs in nature, 
crystallized (quartz) and amorphous (opal). 

The amorphous anhydride dissolves in alkaline 
liquids 5 the crystalline form only after fusing with 
alkalies. Only the silicates of the alkali-metals 
are soluble in water. Silicic acid is precipitated 
from solutions of the soluble silicates by other acids 
as a gelatinous hydrate. Many insoluble silicates 
are not decomposed by hydrochloric acid; these are 
fiised with NasCOa, and the fused mass is treated 
with hydrochloric acid. The silicic acid thus sepa- 
rated is somewhat soluble in water ; in order to 
completely remove this (to detect the metals com- 
bined with silicic acid) the mass decomposed by 
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Hd is evaporated to dryness. In this way the SiOs 
becomes perfectly insoluble in water, and the metals 
may then be easily removed by Hd. 

Silicic add in the free state as well as in silicates 
is easily recognized by its not dissolving in the mir 
crocosmic salt* bead, in which it floats about as a 
skeleton. 

Fluoric acid is a powerful solvent for SiO^; SiF04 
and H2O are formed by the solution. A mixture of 
SiOs (or silicates) CaFz and H2SO4 evolves SiF4 on 
heating. 

If this is mixed with water there is formed 
HaSiFfi, with separation of H2Si03 (the precipitate 
indicates the presence of Si02, and consequently of 
Fa). The hydrofluosilicic acid is decomposed by 
concentratmg its solution (SiF4 and HF). Exactly 
neutralized with metallic oxides it forms silicofluor* 
ides of the metals (excess of alkaline compounds 
precipitates HsSiOs). Almost all sihcofluorides are 
soluble in water; the potassium, sodium and barium 
salts are the most difficultly soluble. NH5O imme- 
diately precipitates H3SIO3 from a solution of H3S1F6. 

* The employment of the mlcrocosmic salt and borax beads 
will be frequently alluded to when we treat of the metals. 
Their action is as follows : Microcosmic salt (N"aNH4)HP04 
+4 HsO) gives by fusing on platinum wire a colorless glass 
If aPOs. Borax (^8360407 + 1 OHsO) loses its water on fusing, 
leaving behind a clear glass bead. Both fluxes take up, at a 
high temperatnre, metallio oxides, even from their salts, and 
separate from these the acid anhydride, which is either volatil- 
ized or taken up by the bead. SiOs is not thereby dissolved 
by mlcrocosmic salt; the oxides which are taken up often im- 
part to the bead characteristic colors^ 
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On heatmg, the metallio silico-fluoiides yield SiF4, 
and leave behind metaUic fluorides. With concen- 
trated H2SO4 they yield SiP* and HP. The metallic 
silico-fluorides can be recognized by the separation 
of H2Si03 in a drop of water, contained in a plati- 
num capsule^ which one holds in the vapor as it is 
evolved. 

12. Carbon. 

At.G.»12; lCol.0,«34. 

Carbon occurs in three forms, amorphous, graph- 
itoid, and as the diamond. It yields on burning, 
carbonic dioxide (CO2) and carbonic oxide (CO). 

Carbonic acid. The hydrate, H2CO3, is unknown. 
The anhydride, CO2, is a colorless, odorless gas, of 
peculiar taste. Water, at ordinary pressures, dis- 
solves about its own bulk of this gas. Of the neu- 
tral carbonates, only those of the alkaline metals 
are soluble in water and possess an alkaline reac- 
tion. All others are insoluble. (No carbonates of 
aluminium, sexivalent iron and uranium are known.) 
Most carbonates dissolve in free carbonic acid with 
formation of pyrocarbonates (e, g,, CaC205). 

All the carbonates are decomposed by the strong 
mineral acids with Uberation of carbonic acid, which 
escapes with effervescence, and can be easily recog- 
nized because it produces in calcic hydrate a white 
precipitate of calcic carbonate. 

Carbonic oxide is a colorless gas which bums 
with a blue flame to form carbonic acid. 

[Tin, which should be classed among the quadriv- 
alent metalloids, will be considered under the metals. J 

fiUPPLBMENT TO NO. 7 BOWD. SCI. RBY. 
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Testing a substance for Inorganic Adds. 

1. A part of the substance is heated on charcoal 
before the blowpipe. Substances which deflagrate 
are either chlorates or nitrates, 

2. A portion of the substance is fused with 
Na^jCOa on charcoal, and placed, after cooUng, on a 
silver coin and moistened with water. A dark speck 
indicates S. 

3. A bead of microcosmic salt is treated with 
the substance J silicic acid forms a skeleton in it. 

4. A portion of the substance is placed in a test- 
tube, treated with concentrated sulphmic acid and 
gently heated. 

a, A colorless gas is evolved : 

C02is odorless — recognized by means of CaH202, 
SO2, HCl, H2S, are recognized by their odor; the 

latter also by its action on paper moistened with a 

solution of plumbic acetate. 

HF etches glass, SiF4 renders a drop of water 

cloudy. 

b, A colored gas is evolved. 

CI2 is a greenish yellow gas; indicates chlorates 
or hypochlorites. 

Br2is reddish brown (starch); (N2O is also brown). 
la is violet. 

c. If the mixture remains uncolored, a solution 
of FeS04 is carefully poured on the concentrated 
H2SO4 ; a brown color at the line of junction indicates 
nitrates. 

d. Some of the substance mixed with H2SO4 is 
brought on a platinum wke into a flame, H3B0O3. 
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5. If gases wMch can disguise CO2 have been 
observed, a separate portion of the substance is 
tested with dilute HCl for CO2. 

6. An aqueous extract of the substance is tested 
for nitrates and nitrites. 

7. A portion of the substance is heated for some 
time with a concentrated solution of NagCOa, filtered, 
and the filtrate neutralized with HNO3. 

This solution is divided into three parts for test- 
ing: 

o. By the addition of AgNOs with excess of HNO3, 
for metallic chlorides, bromides and iodides (p. 10). 

6. With BaClj, without further addition of acids, 
for salts of H2SO4, H2SO3, H2S2O3 and H3PO4 (p. 26.) 

c. With turmeric paper • and addition of a little 
HCl for H3B0O3. 

* In this course it is taken for granted that the acids are 
combined only with the metals of the alkalies and alkalino 
earths. Furtiier on it will be shown what modifications are 
necessary in the presence of many metals. During the ezer* 
dses in the detection of acids, quantitative estimations of 
SiOs in natrolite and feldspar, and of GOs in calcite, may be 
undertaken. 
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METALS. 



Fob the purpose of analytical chemistry^ the metals 
may be airaoged in the following groups : 

L Hetals which are not precipitated by H^S either 
from an acid or ammoniacal solution (me- 
tallic sulphides soluble in water). 

(A). Metals whose carbonates are sohible In wa- 
ter (alkali-metaJs). 

(B). Metals whose carbonates are insoluble in 
water (metals of the alkaline earths). 
n. (C). Metals which are not precipitated by NH^ 
from acid solutions, but which are precipi- 
tated from solutions neutralized with WE^O 
(ammonic sulphide group). 
in. Metals which are precipitated by H2S even from 
slightly acid solutions (hydrosulphurio add 
group). 

(D). Metallic sulphides insoluble in KH^S* 

(E). Metallic sulphides soluble in NH^, 



^ Digitized by LjOOQ IC 



38 

(A). ALKALI-METALS. 
1. Potassium. 

E«39.1. 

Is a sUver-white, soft metal, of ,865 sp. gr., which 
melts at 62^. It oxidizes in the air so rapidly that 
it must be kept under naphtha. Water is decom- 
posed by potassium, even at ordinary temperatures, 
with evolution of H2 (formation of KHO). The 
potassium is thereby ignited, burning with a violet 
flame. Almost all potassium compounds are soluble 
in water. Solutions of potassium salts which are 
acidulated with HCl, and are not too dilute, will 
^ve precipitates with PtCl4, HjSiFa and C^HeOe (tar- 
taric acid). 

Potassio-platinic chloride, K2PtCl6, is a yellow 
crystalline salt, which is difficultly soluble in water, 
absolutely insoluble in ether-alcohol, and breaks up 
at a red heat into chlorine, platinum and potassic 
chloride. Potassio-sihcic fluoride, K^SiPe, is a gelat- 
inous precipitate which becomes distinctly visible 
upon addition of alcohol. Hydro-potassic tartrate, 
EO4H5O6 (acid potassic tartrate), separates only fix)m 
very concentrated solutions ; rubbing the sides of 
the vessel hastens its formation. Heated to redness, 
hydro-potassic tartrate leaves a carbonaceous resi- 
due having an alkaline reaction. All potassium 
compounds yield a smilar violet color when brought 
on a platinum wire into a non-luminous flame; when 
seen through a blue glass, or a flattened glass flask 
eontammg indigo-solution (1 part of indigo, 8 parts of 
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H2SO4; 1500 parts of H2O) the flame appears reddish- 
violet. The violet potassium flame has in its spec- 
trum a characteristic red and a violet line. 

2. Sodium. 

' Ka=23. 

Is a silver-white metal j sp. gr. 0.972; melting 
point 900 ; must be kept under naphtha. Easily de- 
composes water, but inflames only when the water 
is heated tq above 60^ or when its motion is im- 
peded, for instance on ice. Ignited it bums with a 
yellow flame. The sodium compounds are for the 
most part more easily soluble than the potassium 
salts. NaaSiFe is difficultly soluble, potassic metan- 
timonate (Na2H2Sb207) is alone insoluble. 

This salt is precipitated when the alkaline solu- 
tion of a sodium salt is decomposed by a freshly 
prepared solution of potassic antimonate. All so- 
dium compounds give the flame a yellow color, 
which cannot be seen through blue glass or the in- 
digo prism. The spectrum of the sodium flame 
consists of a bright yellow Ime. 

3. Ammonium. 

Isolated is said to be yblue liquid, and to form 
an amalgam with mercury. 

The ammonium comp^ounds are formed when 
ammonia enters into any combination whatever with 
water, hydrosulphuric acid^, acids or salts {e.g.^ NH3 
+H,0=NItO=:NH4-HOj MH3+Hj|S04=NH4-HS04). 
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Almost all ammonium salts are soluble in wat^. 
Ammonio-platinic chloride ((NH4)3PtCl6) is a yellow 
precipitate, which is liable to be mistaken for the 
corresponding potassium compound, but which can 
be distinguished from the latter by the fact that it 
leaves, at a red he^at, pure platinum (water dissolves 
from the ignited residue no metalhc chloride), and 
yields NH3 when warmed with CaHjOg. The ammo- 
nium salt, NH4-C4H506, corresponding to acid potassic 
tartrate, is also soluble with difficulty, but leaves 
behind at a red heat a carbonaceous r^idue which 
is not alkaline. All ammonium compounds by boil- 
ing with KHO, or by heating with CaH202, are de- 
composed with evolution of NH3. This gas is easily 
recognized by its odor, and by the white cloud which 
it forms with the vapor of HCl. If NH3 is placed on a 
paper which has been moistened with a neutral 
aqueous solution of Hg^NaOe, there appears a black 
spot (Hg^NOa + 2 NH5O = NHaHgjjNOa + NH4NO3 + 
2H2O). 

NH3 is soluble in water. The aqueous solution 
yields with HgCl2 a white precipitate (HgHgNCl)} 
with a solution of Hglj in KI an aqueous solution 
of NH3 in the presence of KHO gives a brown pre- 
cipitate (HgHaNI + HgO). 

All ammonium salts are completely volatilized 
by ignition. Many deposit a sublimate of the un- 
changed salt in the colder part of the tube (NH)4C1, 
<NH4)2C03, (NH4)2S04, but some are thereby complete- 
ly decomposed (NH4)2HP04, (NH4)-N03. The volatil- 
ized ammonium salts cpk>r a non-lmninous flanie 
vkdet, like the potassium compounds. 
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Detection of Potassium, Sodium and Ammonium. 

1. A portion of the dry substance is mixed with 
CaHgOa and heated. The evolution of NH3 indicatei 
ammonium salts. 

2. After the ammonimn compounds of a second 
portion of the original substance have been expelled 
by ignition, the residue is brought on a platinum 
wire into a non-luminous flame. Potassium colors 
violet, sodium yellow. Sodium can disguise tb$ 
potassium flame. Therefore the sodium flame 19 
examined through an indigo prism. Only when 
potassium is present can the flame be seen through 
this.* 

(B). METALS OF THE ALKALINE EAETH8. 

4. Babzum. 
Ba = 137. 

Barium is a slightly yellow metal which decom- 
poses water. Baric oxide, BaO, is an amorphous 
white mass, which unites with water energetically^ 
forming a crystallizable hydrate, BaH202 + 8 H2O. 

The aqueous solution of this hydrate has a stroDg 
alkaUne reaction (baryta- water). Only a few barium 
fialts are insoluble in water, but these dissolve in 
hydrochloric acid with the single exception of barif 
sulphate. Carbonates of the alkah-metals precipitate 
BaCOa. Sulphuric acid and soluble sulphates throw 
down all the barium as BaSO*, a white, finely gran* 

* Estimation of sodium in NaftHP04+ 12 HsO. 
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idar precipitate which is not soluble in HCl, and is 
decomposed only byprotracted boiling with (NH4)2C03 
or by fusing witii Na^COs, thereby forming baric car- 
bonate and alkali-sulphate. Hydrofluosilicic acid 
(HaSiFe), neutral potassic chromate, E2Cr04y and am- 
monic succinate ((NH4)2C4H404) yield precipitates in 
neutral solutions of barium salts. BaClj and BaN206 
are insoluble in absolute alcohol. 

Barium salts color the flame greenish-yellow; 
fliis flame gives a spectrum which is very rich in 
yellow and green lines. 

5. Strontium. 

Sr = 87.6. 

strontium closely resembles barium. In the fol- 
lowing particulars their compounds differ : SrS04 is 
soluble to such an extent that an aqueous solution 
of strontic sulphate can be employed for the detec- 
tion of barium. SrS04 naturally separates more 
slowly tiian BaS04; on the addition of alcohol all 
the SrS04 is precipitated. Even in the cold, strontic 
sulphate is decomposed by (NH4)2C03 ; H2SiF6, K2Cr04, 
(NH4)2(C4H404) produce no precipitates in solutions of 
strontitmi. SrN206 is insoluble, SrCl2 is soluble in 
absolute alcohol. Strontium compounds color the 
flame a beautiful red; the flame presents, in the 
spectrum, a characteristic blue line, together with 
red lines. 
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6. Calcium, 

Ca=40. 

The metal resembles Ba and Sr; ite oxide l9 
wMte; its hydrate is also white and amorphous^ 
soluble in water (1 part of CaH202 requiring 778 
parts of H2O). Calcium salts are very much like 
the strontium salts in their solubility, with the fol- 
lowing exceptions ,* sulphuric acid and soluble sul- 
phates precipitate CaS04 only from concentrated 
solutions, but from dilute solutions only on the addi- 
tion of alcohol. Oxahc acid (C2H2O4) and soluble ox- 
alates ((NH4)2C204) throw down the calcium com- 
pletely as CaC204. The precipitate is soluble m HCl, 
but is insoluble in C2H4O2. It can also be separated 
out agaui from a hydrochloric acid solution by 
NaCgHgOa. 

Flame yellowish-red. The spectrum presents, 
besides red, yellow and green Imes, a characteristio 
violet line. 

7. Magnesium. 

Mg=24. 

This metal is silver-white, burning in ttie air 
with a dazzling flame to white MgO. The oxide is 
insoluble in water, but the hydrate, MgH202 is some- 
what soluble (1 part MgH202— 5000 parts of H20)j 
the solution has an alkaline reaction. Magnesium 
salts are almost all soluble. MgH202 is precipitated 
from these solutions by KHO, NaHO, BaH202, etc. 
The presence of ammonium salts prevents this 
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predpitation; the magnesium compomids form with 
salts of ammoDimii; double salts, which are not de- 
composed by alkalies at ordmary temperatures {e. g.^ 
81l|^S04+4 (NH4)01a:M^O4-(NH4)3SO4+MgCl»-dNH« 
d). Ammonic hydrate precipitates only half of tto 
magnesium told in a solution^ the other half remains 
in solution as a double salt 

The precipitated magnesic hydrate can be easily 
ledissolyed by means of ammonium salts (e.^., by 
ammonic chloride). Acid solutions of magnesium 
and those contaming ammonium salts give witii 
MH«0 no precipitate; (NH4)2G03 fails to separate out 
MgCOs even at a boiling temperature. 

NasCOs at the boiling point tiirows down all the 
magnesium as carbonate, of course only from solu- 
tions whidi are free from ammonium salts. Soluble 
phosphates precipitate from magnesium solutions 
MgHPOi (soluble in much water), but in the presence 
of ammonium compounds, MgNH4P04. This crys- 
taUme precipitate is characteristic of magnesium. 
It is difficultiy soluble in water, easily soluble in 
acids, msoluble in ammonic hydrate. The flame is 
not colored by magnesium compounds. Magnesium 
salts glow when heated intensely before the blowpipe. 
Magnesic oxide ignited on charcoal, then moistened 
with CoNsO^ and again heated^ becomes flesh-red. 

Detection of the Alkaline Earths and Alkalies 
i/n presence (^ each other. 

The solution^ wfaicb may contain Ba, Sr, Ga, Mg, Na 
md S, is treated with IS^Ci, and precipitated by 
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0^4)2003; with addition of NHsO,* flie predpitato 
I^^M[^ on a filter and thoroughly washed. 

L Ftec^tate is dissolved off fit>m the filter in 
dOut^HOl. A portion of this solution is tested with 
calcie i^ilphate for Ba and Br. 

a. Ifi neither Ba nor Sr has been found, treat the 
remainder of the hydrochloric acid solution witil 
ammonic oxalate and amnionic hydrate, any calcium 
present will then be precipitated. 

b. IfBaorSrhasbeenfoundytheremabideroftiie 
hydrochloric acid solution isneutralized by NH5O, and 
there is precipitated by a neutral solution of E2Cr04 
onlyBaCr04. Afi^r filtering, the filtrate is tested with 
H2SO4 for Sr. To complete the precipitation of the 
8rS04 it is allowed to stand for a while, filtered, the 
filtrate is neutralized by NH»0 and tested as above 
for Ca. 

2. Filtrate. A portion is tested with Na2HP04 
for magnesiunL 

a. If no magnesium is present, the remainder of 
the filtrate is evaporated to dryness, the residue ig- 
nited until the ammonium salts have been driven off 
and then tested by the fiame for E and Na. 

b. If Mg has been detected, it must be removed 
before E and Na are tested for. For this purpose 
the remainder of the filtrate is evaporated, and the 

* TheoreticaUy (im4)s003 alone is sufficient, bnt the solu- 
tion of the commercial ammonic carbonate contains a salt 
having the formula ('SBA)4(kOg, a fiesqm-oarbonate of anmu^ 
ninm. By the former reaction, the OOs present in excess 
might form pyrocarbonate, hence the additton NHeO. Wq, 
always, for brevity, write (NH4}3C0s. 
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redduo ignited to expel the ammonium compounds. 
The ignited residue is dissolved in H2O and a drop oi 
HCl (MgO) and the MgHgOj thrown down by BaHgOa. 
After filtration the barium compounds are removed 
ftom the filtrate by (NH4)2C03 and NH5O, again fil- 
tered, the filtrate evaporated to dryness, ignited^ and 
tested finally for E and Na.* 



(C). METALS OP THE AMMONIC SULPHIDE 
PRECIPITATE. 

1. METALS WHICH ABE PBECIPITATED BY ira*3 

as htdbates. 
8. Aluminium. 

•Al8 = 55. 

This metal is tin white ; sp. gr. 2.67 j does not 
oxidize in the air at ordinary temperatures; at a red 
heat it rapidly oxidizes, forming AI2O3. It is soluble 
in dilute acids and alkalis (AI2K6O6). Aluminic ox- 
ide is a white, earthy mass, which is easily soluble 
in acids. After intense ignition it is insoluble ; by 
fluxing with KHSO4 it is rendered soluble. The oxide 
is soluble also in caustic alkalis. The hydrate is or- 
dinarily a homy amorphous mass, but it is also 
found in crystals (hydrargillite), and fix)m the solu- 
tion of AI2O3 in NaHO it is precipitated in the crys- 
talline form by CO2. The salts of aluminium are 
colorless. They are decomposed at a red heat witii 

* Quantitatiye estimation of Ca in calclte. Estimation of 
Oa and Mg in dolomite. 
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loss of acid. They are for the most part soluble In 
water. 

KHO, BaHgOjj'NHsO, NH5S, (NH4)2C03, BaCOs, pre- 
cipitate from almainimn solutions AlsHeOe, soluble in 
excess of KHO or BaH^Oa. They are reprecipitated 
from these solutions by NH4CI, CO2 or a little HCl. 
Tartaric acid prevents these precipitations. By boil- 
ing a neutral aluminium solution with 'Ssi^iOs^ • 
AlzKeOe is precipitated ( AI2S3O12+ 3 Na2S203+ 3 HgO^ 
AlaHeOe -I- 3 Na«S04 + 3 S2). 

Of the insoluble aluminium salts the phosphate 
only is spoken of. This salt behaves like aluminio 
hydrate. It is soluble in KHO, is precipitated fix)m 
this solution by Nn4Cl. Tartaric acid hinders thia 
precipitation. 

It is distinguished from AI2H6O6 by its insolubility 
In C2H4O2. From an alkaUne ammoniacal solution 
of AI2P2O8, decomposed by tartaric acid, there fella 
MgNH4P04 on addition of magnesium mixture (Mg 
S04]m4Cl). 

Aluminium compounds, heated to redness on 
charcoal before the blowpipe, moistened with C0N2O4 
and again heated to redness, yield a blue mass. * 

*9. Chromium. 

Cr=53; Cra==106. 

Metallic chromium is a gray powder, soluble in 
HCl, H2SO4 and KHO. In its compounds the angl^ 

n. 

atom is bivalent, the double atom is sexivalent (2 Cr 

VI. 

= Crg). Of the compounds of bivalent chromium, 
we have chromic acid (CrOa), and of those of sexiv- 

* Analysis of potash alum. 
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dent we liave cbromoxide (Cr203) and their oombi- 
oations to consider. 

A. Chramoxide, Cfr203, is a dark green powder j 
file hydrate is grayish green. The salts of sexiva- 
tent chromium are violet; their solutions turn green 
on boiling. The compounds of Cra deport themselves 
iiiamanner quite analogous to those of the aluminum 
MOts. They differ as follows : The dilute solution of 
0r2H6O6 in EHO precipitates Gr^HeOe on boiling. In a 
great excess of NH5O, Cr2He08 dissolves, the solution 
being violet. Cr203 easily passes over into CrOa. If 
fbe compounds of Cr2 are fused on platinum wire^ 
With NaaCOa and KNO3, a pellow bead of Na«Cr04 is 
fiirmed. In alkaluie solution Cr203is easily converted 
into KaCrO* by CI2, NaClO, or KMnO*. 

B. Chromic addy CrOa (hydrate H2Cr04), yields 
ted erystalSy is easily soluble in HsO, and is decern- 
tk)sed at a red heat, leaving behind a residue of Cr203. 
15ie neutnd chromates are yellow, the acid (pyro- 
chromates, e,g.y K2Cr207) are red. Only the chromates 
6f K, Na, NH4, Sr, Ca and Mg are soluble in Water. 
The silver salt (Ag2Cr04) has a characteristic red 
color. By heating with HCl or H2SO4; CrOa is decom- 
posed (formation of Cr2Cl6 or Cr2S30i2 with evolution 
of CI2 or O2). The yellow solution is thereby changed 
first to red, then brown, and finally green. The deox- 
idati(m is more easily accomplished by H2S (forma- 
tion of H2O witb separation of S2), H2SO3 (formation 
B^SO*), alcohol (C2H6O) (formation of aldehyde— 
QSH4O and acetic acid — C2H4O2) 

Beads of borax and microcosmic salt are colored 
by chromium compounds emerald green before the 
blowpipe. 
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2. METALS WHICH ARE PRECIPITATED BY NHeS 
A8 METALLIC SULPHIDES. 

10. lEON. 

Fe=56; Ffe* = 113. 

The metal is gray ,• sp. gr. 7.8. It oxidizes in moist 
airto FegHeOe; at a higher temperature to FoaOi. 
Dilute HCl and H2SO4 dissolve the metal with evo- 
lution of Ha and formatton of FeCU or FeS04. Con- 
centrated H2SO4 yields on heating Fe^SaOia, and SOa. 
Dilute HNO3 yields when cold FeNaOg and NH4NO3, 
when heated FcaNeOig and NO. Commercial u:on 
contains C, Si, P, S, etc. Iron is dissolved for exam- 
ination of the residue in H2O and I2 or in a neutral 
solution of CuCla or by electrolysis m very dilute 
hydrochloric acid, in which the iron serves as the 
positive pole. 

The iron atom, with the combining weight 5^, is 
bivalent and trivalent ; as trivalent it appears only 
in double atoms which are then sexivalent, hence 

n. n. 

(2 Fe = Fejj). Bivalent iron forms ferrous salts (salts 
of the protoxide of iron); the sexivalent the ferric 
compounds (compounds of the peroxide). 

A. Ferrous oxide forms a white hydrate, FeHaOa, 
which quickly turns brown on exposure to the air. 
The anhydrous salts of bivalent iron are white, the 
hydrous bright green. In aqueous solution they 
absorb O2 from the air and precipitate FcaHeOe (e, g., 
6 FeS04+3 HgO-f-S 0=2 FezSgOig+FeaHeOe). KHO 
and NH5O precipitate FeHaOa j tartaric acid prevents 
the precipitation. 

.* For convenience, Ffe is printed Fes. 

SUPPLEMENT TO NO. 8 BOWD. SOI. REV. 
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NHsS precipitates blac* FeS, which rapidly ox- 
idizes in the air (FeS04 or FcsHeOc) and dissolves 
very easily in HCl. KCy precipitates reddish brown 
Fedjjrj, which is soluble in KCy by the formation of 
KiFeCye. K^FeCye gives, with ferrous salts, a white 
precipitate, K2Fe2Cy6, which very quickly turns blue 
on exposure to the au:. K6Fe2Cyi2 precipitates Prus- 
sian blue, Fe3Fe2Cyi2, which is insoluble in HCl, and 
is decomposed mto FeaH«06 and K^FeCye, on boiling 
with EHO. Metallic Ag and An are precipitated 
from AgNOa and AuCla by ferrous salts. 

By means of oxidizing substances as CI2, NaCHO, 
HNO3, Fe is changed into Fe2. 

B. Ferric oxide is red; the hydrate, FeAOe, is 
brown; it closely resembles AI2O3 and Cr203 in its 
deportment. It differs m the following particulars: 
FcaHeOe is insoluble in KBO; NH5S precipitates 
from solutions of Fe^ black FeS (separation of S) ; 
KCy precipitates FCaHeOe (evolution of HCy) which 
is insoluble in excess of KCy; K^FeCye precipitates 
Prussian blue ((Fe2)2Fe3Cyi8). 

KCyS yields a blood red color, which does not 
disappear on addition of HCl (Fe2Cy6S6). Ammonic 
succinate precipitates from a neutral solution brown 
ferric succinate. Sodic acetate colors a neutral so- 
lution dark red (the color is destroyed by HCl), and 
on boiling with a httle acetic acid aU the hx)n sepa- 
rates as Fe2H606. 

By means of deoxidizing substances, as Fe, H2S, 
H2SO3, Na«S203, the compounds of sexivalent iron 
easily pass over into those of bivalent iron (e. gr., 
Fe2Cl6 -I- 2 Na^SaOa = 2 FeCl, + 2 NaCl + Na«S406). 
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Iron compounds color beads of microcosmic salt 
and borax green in the reducing flame ; in the ox- 
idizing flame they become redj on cooling they 
become colorless.* 

TABLS, 





PeS04 


FejCU 


KHO 


WMte (green) 


Brown 


KCy 


FaCJy, (sol. in ex.) 


Fe8H«0«(in8ol.inez.) 


K4FeCy«... 


White 


Bine 


K^FesPyif.. 


Bine 


— 


KOyS 


— 


Red. 



11. Manganes;. 

Mn=55; Mnmt=110. 

The metal is of a clear gray color, very brittle, 
and fusible with great difficulty. It dissolves in 
acids to form comt)ounds in which the atom is biv- 
alent. Manganese is bivalent and sexivalent like 

n. Yi. 

iron, 2 Mn = Muj. It forms five oxidation products : 
MnO, MuaOs, MnOg, MnOa, Mn207. All form by igni- 
tion in the an: Mn304, all are dissolved in HCl or 
H2SO4 with formation of salts of bivalent Mn ; all 
the oxygen compounds contaming more oxygen 

* Qnontitative analysis of green yitriol. t Mmn is for con- 
venience written Mns. 
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than the protoxide evolve CI2 or O2 on treatment 
with these acids. 

In hydrochloric solution manganese always exists 
in the form of manganous salts* The mangaiKms 
salts are of a 'feint rose-red color. KHO Mid N'BtO 
precipitate white MnH202, which quickly becomes 
brown in the an* (Mn2H606). This brownish precip- 
itate is dissolved in oxalic acid (C2H2O4) to purple 
K2Mn2C80i6. NH4CI prevents this precipitation by 
NH5O, through the formation of double salts resem- 
bling those of magnesium. Alkahne carbonates 
throw down white MnCOaj BaCOa does not produce 
any separation. NH5S throws down flesh-colored 
MnS, soluble in acetic acid, quickly oxidizing in the 
air. . NaClO (or CI2 and NH5O) separates out from 
manganous solutions brown peroxide (Mn02). On 
heating a manganese solution with excess of minium 
(PbaOO and concentrated HNO3, the fluid assumes a 
purplish-red color (formation of HMn04, hydrated 
permanganic aciQ). 

Manganous compounds do not become manganic 
by heating with HNO3. Manganic salts are purplish- 
red j by heating with HCl they become manganous 
salts with evolution of CI2. Peroxide of manganese 
(Mn02) is a blacMsh-brown body which is scarcely 
dissolved by dilute acids ; concentrated acids dis- 
solve this oxide more readily when their action is 
aided by addition of some C2H2O4 (Mn02 + C2H2O4 = 
MnO-l-H20-|-2C02). 

Manganates (salts of manganic acid) are green. 
Upon fusing a manganese compound with KNO3 and 
Na2C03 a green mass is produced. The manganates 
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of the alkalis (K2Mn04) are alone soluble in water. 
Their green solution becomes in the air red, with 
separation of Mn02 and formation of permangan- 
ates KMn04= mineral-chameleon 5 3K;8Mn04+2H20 
= 2 KMn04 + MnOa + 4 KHO. 

Manganese compounds color a microcosmic bead 
in the oxidizing flame, amethyst, in the reducing 
flame the bead becomes colorless. 



12. Zinc. 

Zn = 65. 

This metal is bluish-white, has a sp. gr. of 6.8, 
and melts at 4120) at a higher temperature it is 
volatile. In dry air it is not oxidized at ordinary 
temperatures, but in presence of H2O forms ZnH202, 
which readily absorbs CO2. Ignited in the an* it 
bums away with pale blue flame, with formation of 
white ZnO. HCl and H2SO4 dissolve the metal with 
evolution of H2 ; dilute HNO3 dissolves zinc with 
formation of NH4NO3 and evolution of N2O (12Zn+ 
.30 HNO3 = 12 ZnN206 + 2 NH4NO3 + 11 H2O + N2O). 
Caustic alkalis dissolve the metal with evolution of 
H2(ZnZ202). 

Zinc salts are almost all colorless. Most of them 
are soluble in water, all in acids. KHO, NaHO, 
NH5O, precipitate ZnH202, which is soluble in excess 
df the precipitant (ZhK202, Zn(NH4)202, etc.). Prom 
this solution zinc is not precipitated by NH4CI5 but 
white ZnS is precipitated by H2S. NH5O produces 
in zinc solutions which contain NH4CI, not a trace 
of precipitate ; double salts are iwx)duced, as in the 
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cases of Mg and Mn. But this zinc soluticm is dis- 
tinguished from the magnesium solution by the fact 
that no precipitate is produced in it by NaaHP04. 
Zinc solutions which are not decomposed by am- 
monium salts give a precipitate of ZDSFO4, with 
Na2HP04. Alkali -carbonates precipitate ZnCOa- 
BaCOg forms no preciptate. NH«S and H2S ^ve in 
neutral or acetic solutions a precipitate of ZnS. KCy 
precipitates ZnCy^, which is soluble in excess of KCy 
(ZnK2Cy4). From this solution the Zn is precipitated 
by K2S. 

Zinc salts give on charcoal before the blowpipe, 
either alone or with NaCOs or KCy, a white slag, 
which is not volatile, and is yellow while warm. 
Moistened with CoNA and heated to redness, on 
charcoal, the residue becomes green. 

13. Nickel. 

Ni =58.74; Kni * = 117.48. 

Nickel is white with a tinge of yellow. It is nat 
oxidized in the aff at ordinary temperatures. In 
acids it dissolves with formation of bivalent nickel. 
Only the bivalent metal atom forms salts ; the sex- 
ivalent appears only m NiaOa, which deports itself 
as h peroxide. Nickel protoxide, NiO, is gray, and 
remains unchanged at a red heat. Anhydrous 
nickel salts are yeUow; hydrous are green. 

Caustic aXkaHis precipitate from solution of nickel 
salts green hydrate, NiH202, which is insoluble in ex- 
cess of the alkalis. NH5O also precipitates NiH202, 

* Nni is for oonvenienoe written Nit. 
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but the precipitate is soluble in excess (formation of 
NHiNiHjjNO). In solutions which contain NH4CI, 
NH5O forms no precipitate. 

Alkali carbonates precipitate NiCOa, which is 
soluble m (NH4)aC03. 

BaCOg produces no precipitate in the cold. H2S 
and NH5S precipitate the nickel from an ammonia- 
cal solution as black NiS; if separated at once this 
is very soluble 4n dilute HCI5 but a trace dissolves 
only in yellow ammonic sulphide, and then colors 
the filtrate brown by the ammonic sulphide precip- 
itate. KCy precipitates bright green NiCya, which 
is soluble in excess of KCyj from this solution all 
the nickel is precipitated again by dilute HCl as 
NiCy^, even upon boiling. Mckel is also precipi- 
tated from the solution of NiCy^ m KCy, by boiling 
with HgOj but no precipitate is produced m this 
solution by K2S(KHS and KHO). Oxalic acid pre- 
cipitates NiC204, which is soluble in NH5O; after 
standing for a short time exposed to the au: all the 
nickel separates from this solution in the form of 
green crystals (NiNHaCaO*). NaClO produces m 
neutral nickel solutions a blackish -brown precipi- 
tate of NiaOa. NiCOa with CI2 and H2O also gives 
NiaOs. ^ 

A horax bead (but not a microcosmic) is colored 
yellowish-red in the oxidizing flame by nickel salts; 
in the reducing flame, especially upon addition of 
tin (tinfoil), the bead becomes gray (metaUic nickel). 
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14. Cobalt. 

00 = 58.74; Ooo * = 117.48. 

The metal closely resembles nickel. It is biva- 
lent and sexivaLent, and both atoms form salts. 
The compounds of the bivalent atom closely resem- 
ble those of nickel. They differ in the followmg 
particulars : Cobalt protoxide (CoO) is grayish green j 
it yields vhen heated to redness in the air black 
C03O4. The anhydrous salts of cobalt are blue, the 
hydrous are red. C0H2O2 is bluish red. The solu- 
tion of cobalt salts in excess of NHsO turns brown 
on exposure to the air, and forms cobalt-amines. 
The solution of C0C2O4 in NH5O throws down a red 
precipitate only after standing a long time. KCy 
dissolves CoCy2, which is precipitated again flx>m this 
solution by HCl. If the solution is boiled, however, 
I)otassio-cobaltic-cyanide is formed, and HCl no 
longer produces a precipitate (2 CoK2Cy4 + 4 KCy + 
2 H20=C02K6Cyi2 + 2 KHO + 2 H). From this boHed 
solution the cobalt is not precipitated either by 
KaS or by HgO. KNO2 produces in an acetic acid 
solution of cobalt salts a yellow precipitate of 
potassio-cobaltic nitrite (2C0CI2+12KNO2+2C2H4O2 
= 2 C2H3KO2 -h 4 KCl + H2O -h 2 NO + C02K^io02i). 
NaClO or Cl2and NH5O precipitate from cobalt salts 
cobalt oxide, a brown body which possesses weak 
basic properties, but which deports itself as a per- 
oxide in the presence of HCl, H2SO4, and H2C2O4. 

Borax and microcosmic beads are colored a beau- 

* Ceo is here written C02. 
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tdflil blue both in the inner and outer flames by 
cobalt compounds. 

Analysis of the ammoniC'Sulphifdrate precipitate. 

If one decomposes a neutral or slightly acid 
solution of a substance which contains only the 
metals heretofore described, with NH5O to alkaline 
reaction, and warms it for some time with NH5S in 
slight excess, whether a precipitate forms or not, 
then filters and washes the precipitate with water 
to which some NH5S has been added, he will have 
upon the filter a precipitate which may contain NiS, 
Cos, MnS, ZnS, FeS, AlgHeOe and CraHeOe. The pre- 
cipitate is treated with cold dilute HCl upon the 
filter. 

1. Besidtte upon the filter, if this is black it can 
only consist of NiS and CoS (if it is not colored it con- 
tains only sulphur, and is then quite volatile on being 
heated). A part of the residue is placed in the bead 
of microcosm salt -, if this is then blue before the blow- 
pipe, Co is indicated. The remainder of the dark res- 
idue is dissolved in a httle aqua regia, the excess of 
acid is evaporated, and the solution neutralized with 
NaHO and treated with KCy till the precipitate at first 
appearing is dissolved. The solution is then boiled 
for some time, and HCl is added to acid reaction, 
when MCy2 separates if Na is present. 

2. Hydrochloric add solution. This contains 
stiU Mn, Zn, Fe, AI2, Cra. The iron is next oxidized 
by boiling the solution with a few drops of HINTOa, 
and after addition of NH4CI, precipitated with NH5O 
in shght excess, filtered and washed. 
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a. The filtrate contains Mn and Zn. Both are 
precipitated again by NE5S5 the precipitate is col- 
lected on a filter and a part of it tested for Mn 
hy heating it together with Na2C03 and OTOa on 
platinum foil (green enamel), or with Tnininm and 
nitric acid (reddish-purple solution). The remamd^ 
of the precipitate is dissolved in dilute HCl, NaCaHaOa 
is added, and this acetic acid solution is treated with 
H2S. Only white ZnS falls. 

h. Precipitate. In this,Fe2,Al2andCraaretobe 
searched for. This precipitate is to be dissolved in 
HCl and again thrown down by NaHO in the cold. 
By this means FcaHeOe is separated out (tested for 
by KiFeCye). The alkaline solution contatosAlaNa^Oc 
and Cr2Na«06. Both metals are thrown down as hy- 
drates by boiling the alkaUne solution with NH4CI. 
The washed precipitate, ftised with NagCOaand KNO3, 
is tested upon platinum foil for Cr; a yellow fiised 
mass shows the presence of this metal. The fiised 
mass is dissolved in water. Any residue which may 
remam is AI2O3 (dissolved in HCl and precipitated by 
NH5O). Dissolve the whole of the fiised mass and 
treat the solution with warm (NH4)2C03. TheAl2K606 
(KNO3 can be reduced to K2O) contained in the solu- 
tion will be decomposed and AI2H6O6 thrown down. 

Since in this system of analysis an acid solution 
of the original substance must first be neutrahzed 
by NH5O for the production of the ammonic sul- 
phydrate precipitate, all the aforesaid metals and 
those compounds of the alkaline earths are thrown 
down which are separable by ammonia, unchanged 
fix)m an acid solution. This indicates especially the 
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presence of phosphates of the metals of the alka- 
hne earths. It must be borne in mind that the 
phosphates of AI2 and Cr2 behave hke the hydrates 
of the same metals, and also that AI2P3O8 and Cr2P308 
can be contained in the ammonio sulphydrate pre- 
cipitate. When such phosphates are present, the 
precipitate must be dissolved in hydrochloric acid, 
next the solution is to be oxidized by HNO3, pre- 
cipitated by NH4CI and NH5O, then besides FegHeOg, 
AI2H6O6 and Cr2H606, the phosphates must be looked 
for. The precipitation of Fez, AI2 and Cr2 can be 
prevented by tartaric acid, but the phosphates of 
Ba, Sr, Ca and Mg will be thrown down in the pres- 
ence of tartaric acid. A part of the hydrochloric 
acid solution of Fe2, AI2, Cr2, is to be treated with 
tartaric acid and rendered alkaline by NH5O. 

1. There is no precipitate. 

In this case there are no phosphates of the aJkar 
line earths present. But in order to see whether 
AI2 or Cr2 were perhaps united with phosphoric 
acid, add to the ammoniacal solution contaming 
tartaric acid a clear mixture of MgSO*, NH4CI and 
NH5O. If MgNH4P04 falls, the presence of phos- 
phoric acid is proved. 

2. There is a precipitate. 

In this case the whole hydrochloric acid solutioxi 
of Fe2, AI2, Cr2, must be treated with tartaric acid 
and ammonia, the residual precipitate must be col- 
lected in a filter and washed. 

a. Precipitate. 

Phosphates of Ba, Sr, Ca, and Mg. Dissolve this 
in HCl, add a Uttle EcaCle, neutralize with NagCOa, so 
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that the precipitate may be again dissolved, add 
NaGAOs, and boil the not too concentrated solu- 
tion. All the iron and all the phosphoric acid toII 
now be precipitated. 

a. The filtrate may be tested, as previously- 
directed, for Ba, Sr, Ca, Mg. 

B. The precipitate is to be dissolved in' HCl, 
treated with NH5O and NH5S, and the filtrate fix)m 
the FeS tested for phosphoric acid. 
. b. Filtrate. 

This is to be next tested for phosphoric acid by 
the well known magnesimn mixture. The phos- 
phoric acid thus detected will probably be in com- 
bination with AI2 or Cr2. Whether this is found or 
not, the solution is to be evaporated, the residue 
ignited until the tartaric acid is decomposed, and 
the coal is then to be heated with concentrated 
hydrochloric acid. Fe, Al and Or become again dis- 
solved, oxidize with HNO3 and test for the three 
metajs, as previously directed. 

The fluorine compounds of Ba, Sr, Ca and Mg, 
can be recognized in the ammonic sulphydrate pre- 
cipitate, suice in the presence of NH5O and tartaric 
acid they behave like the phosphates. Treat the 
precipitate produced in one part by NH5O in the 
presence of tartaric acid, with concentrated H2SO4, 
and when the HF has thereby been driven off, moisten 
the whole precipitate with H2SO4 and test the resi- 
due for phosphoric acid and Ba, Sr, Ca, Mg. The 
borates of the metals of the alkaline earths may be 
in the ammonic sulphydrate precipitate j boric acid 
is tested for in a part of the precipitate. 
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The filtrate from the ammomc sulphydrate pre- 
cipitate is acidulated with HCl, heated to expel the 
H2S, filtered from the separated sulphm*, and the 
filtrate is tested for the metals of the alkaline earths 
and alkalis as previously directed.* 

(D). METALS OP THE HYDEOSULPHUEIC ACID 
GEOUP, WHOSE SULPHIDES AEE INSOLUBLE 
m NHfiS. 

15. Meecitet. 

Hg = 200; Hligt = 400. 

This metal is silver-white; it is distinguished 
from all other metals hy its fiuidity. Melting point 
— 400, boiling point 360o sp. gr. 13.5. In the an- at 
ordinary temperatures it is unchanged; at a higher 
temperature it is oxidized to red HgO, which by 
ignition separates mto Hg and 0. HCl does not 
dissolve this metal. Dilute HNO3, in presence of 
excess of mercury, dissolves the metal, forming 
HgaNaOe. If HNO3 is m excess HgN^jOg is formed, 
particularly on heating. 

Aqua regia dissolves the metal to HgCla. 

a. Mercuriyus compounds, 

HgaO is black; it forms no hydrate. The neu- 
tral salts are colorless. Some basic ones are yellow 
(e. g,, Hhg2N207). From their solutions caustic al- 
Tcalies precipitate black Hg20. NH5O precipitates 
black amide compounds, e. ff,, HgaHaN-NOs. H2S 

* Exercise in analysis. QnantitatlYe analysis of Angite or 
Hornblende. 

t For convenience written Hga. 



Digitized by LjOOQ IC 



62 



and NH5S precipitate black HggS, which is not sol- 
uble in HNO3, but dissolves easily in aqua regia, 
fonning HgClj. 

Hydrochloric add and soluble chlorides precipi- 
tate white Hg2Cl2j KI separates out greenish-yellow 
Hg2l2; KCy precipitates metallic Hg (formation of 
HgCy2). SnCls produces in solutions of mercuric 
salts, first a white precipitate of HgjCU, which by 
excess of SnCl2 becomes quickly gray by separation 
of Hg and formation of SnC^. Sulphurous add 
also throws down metaUic mercury. 

h. Mercuric compounds, 

HgO is red when produced by heating metallic 
Hg, yellow when it is formed by precipitation; 
mercuric oxide also forms no hydrate. The salts 
are colorless; they are decomposed in solutions 
with separation of basic salts (6. g,, 3 HgS04 + 2 H2O 
=Hg3S06+ 2H2SO4). HgOl2 and HgCyg do not have 
this property. From a solution of HgCU, NaHO 
throws down a yellow oxide; NB^jO produces in 
the fluid a white precipitate ("white precipitate" 
HgHaNCl); EI throws down red Hgl2, which is 
soluble in excess of KI. H2S and NH5S produce in 
a solution of HgClg first a white precipitate (HgCl2 
+ 2 HgS), which in excess of H2S or NH5S is black 
(HgS). This mercuric sulphide is insoluble in HNO3, 
but is easily soluble in aqua regia. SnOU and H2SO3 
give first Hg2Cl2, then Hg. 

From all mercury compounds copper separates 
out metaUio mercmy. All mercury salts give, when 
mixed with Na^OOs and heated in a tube, a gray 
sublimate of metallic mercury. 
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SYNOPSIS. 





HgglSraOe 


HgCfls 


HCl 


HgsCla 

Greenish-yellow 

Black 

Black 

Hg, 




XL 


Bed 


NaHO 


TeUow 


NHsO 


White 


KOy 









16. Lead. 

Pb = 207. 

This metal is gray, very soft, very maJleable. 
Melting point 3250, sp. gr. 11.4. It is oxidized at 
ordinary temperatures only in moist air to PbH202, 
which quickly takes up CO2. HCl does not dis- 
solve the metal. H2SO4 dissolves the metal only 
when it is concentrated and heated. HNO3 easily 
dissolves the metal to PbNgOe. 

PbO is yellow,- the hydrate PbH20a is white, 
slightly soluble in water (alkaline solution). The 
salts are mostly colorless. Caustic alkahs and 
NH5O precipitate PbH202, soluble in KHO and 
NaHO. PbCOa is insoluble in water but easily 
soluble in caustic alkalis. H2S and NH5S throw 
down black PbS, which by heating in HNO3 passes 
over into white insoluble PbS04. H2SO4 and solth 
lie sulphates separate out PbS04, somewhat soluble 
in water, more difficultly soluble in water contadn- 
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ing H2SO4, insoluble in alcohol, soluble in NaHO, 
in an ammoniacal solution of tartaric acid and in 
Na2S203. HCl and metallic chlorides precipitate 
PbCl2, soluble in much hot water. 

All lead compounds give, when heated with KCy, 
or Na2C03, heated on charcoal before the blowpipe, 
a malleable globule ; the coal is covered with a yel- 
low incrustation. 

17. SiLYEE. 
Ag=108. 

This metal is white 5 sp. gr. 10.5, melting point 
about 900O. It is not oxidized at any temperature 
in the air, but when in the melted condition takes 
up oxygen, which it gives off on cooling. Its solv- 
ent is HNO3. 

Ag20 is grayish brown, becomes black in the 
hght (Ag40), is somewhat soluble in water, and 
gives an alkaline reaction ; the hydrate is not known 
in the isolated state. The salts are mostly colorless 
and they are affected by hght (reduction to Ag). 
Caustic alkalis precipitate Ag20 insoluble in an 
excess; NH5O throws down also AggO, but this 
precipitate is easily soluble ((NH3)aAg20) j from acid 
solutions NH5O precipitates nothing. 

. H2S separates out black Ag2S, soluble in HNO3. 
HCl, HBr, HI, HCy, as well as thek corresponding 
alkali compounds, precipitate AgOl, AgBr, Agl, 
AgOy. Only AgCy is soluble in concentrated HNO3 ; 
Agl is alone insoluble in NH5O; AgCy is alone de- 
composed on ignition. All these compounds are 
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soluble in KCy (AgKCy2)*aiid Na^SjOa (AgA03 + 
2Na«S203). AgOl and AgBr are affected by Hgbt, 
becoming black with formation of Ag2Cl etc. Agl 
is affected by light only in presence of bodies which 
can easily separate out I2, e, g., AgNOa. Gu, Fe, Zn, 
H2SO3 and EeS04 precipitate metallic silver from 
solutions. 

All silver compounds give, with KCy or NasGOs, 
on charcoal before the blowpipe, a malleable glob- 
ule without any incrustation. 

8YNOF8I8. 





Hg,0l9 


PbCl, 


AgOl 


H,0-. 
NHbO. 


Black. 


Soluble on heating 
TeUow when warm 


Dissolves without color 



18. Bismuth. 

Bi=210. 

Bismuth is reddish-white, very brittle, has a 
melting point of 260^ a sp. gr. 9.8. It first oxi- 
dizes at a red heat in the air, and then bums with a 
blue flame. Its solvent is HNO3. Of the three 
oxides Bi20, Bi203 and Bi205, only the middle one is 
treated of. Bismuth oxide is yellow, melts by heat- 
ing, but is scarcely volatile. The hydrate (BiHaOa) 
is white. The salts are stable only inacid solutions ; 
the neutral salts are decomposed by water with sep- 
aration of basic salts {e.g., BiN309+B[aO=BiN04+ 

SUPPLBMBNT TO NO. 9 BOWD. SCI. RBV. 
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2HNO3J 3BiCl3+3HjO=Bi203-BiCa3-f«HCl). Acads 
again dissolve these basic salts, but tartaric add 
does not hinder the separation of the basic com- 
pounds. NaHO and NHsO throw down a white 
hydrate insoluble in excess of the precipitant. H3S 
throws down black Bi^Sa, soluble m HNOa, KI 
separates out Bilg as a brown precipitate. 

All bismuth compounds give on charcoal before 
the blowpipe, a brittle ^obule and a yellow incrus- 
tation. 

19. CotPBE. 
Cu=63.4; Cou* = 126.a 

The metal is red and ductile; its melting point 
is 1200^; sp. gr. 8.9. In moist air it is oxidized 
and forms a substance containing GuO^ and CuHsOs; 
at a higher temperature it forms black CuO. HCl 
at ordinary temperatures acts upon it shghtly with 
evolution of gas; at higher tempetatures, or in the 
presence of oxygen, it dissolves it. H2SO4 only 
dissolves it when heated. HNO3 dissolves the metal 
easily. Copper yields two basic oxides, CiiO and 
CU2O, and their salts are distinguished as cupilc 
and cuprous. 

a. Cuprous salts (cuprous oxide compounds). 
CU2O is red; its hydrate, Cu2Ha02, is yellow. The 
salts are colorless; NaHO precipitates yellow hy- 
drate, which on heating passes over into anhydrous 
CU2O. NH5O yields no precipitate ((NH3)2Cu20); 
the colorless ammoniacal solution becomes a deep 

* Ck>a is here written Ous. 
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blue on exposure to the air. (Cupramine) KCl, KI, 
KCy, KCyS and K^eCye throw down white precipi- 
tates of Cus salts^ n^S and NH5S, black CuS. 

Cupric salts (cupric oxide compounds). CuO is 
black; its hydrate is blue; the anhydrous salts are 
colorless; the hydrous blue. NaHO precipitates 
from solutions blue CUH2O2, which becomes black 
on heating, (CuO). NHsO dissolves the precipitate, 
which at first appears with deep blue coloration 
((NH3)2CuO). (NH4)2C03 behaves m like manner. 
HjjS precipitates CuS. KI throws down from cupric 
salts white CU2I2 (liberation of I2) this precipitation 
is aided by the presence of H2SO3. KCy and KCyS 
behave in the same way. Cu2Cy2 is soluble in excess 
of KCy (Cu2K2Cy4). From the colorless solution 
Cu2Cy2 is again precipitated by HCl. H2S precipitates 
the copper from this solution only after a very long 
time. KJPeCye gives a reddish brown precipitate of 
K2Cu3Pe2Cyi2. Tartaric acid prevents the precipita- 
tion of CUH2O2 by caustic alkalis. From such 
alkaline solutions containing tartaric acid, CU2O is 
separated on boiling with grape sugar. 

Zn and Fe remove Cu from its solutions. All 
copper compounds color beads green in the oxidiz- 
ing flame; in the reducmg flame they become dark 
brown (opaque). All copper compounds yield a 
red ductile globule, before the blowpipe on charcoal, 
with Na«003 or KOy. 
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20. Cadmium. 

Cd=112. 

This metal resembles zinc and copper. It is 
white, malleable, volatilizes at 400^ 5 sp. gr. 8.6. 
It dissolves easily in acids. 

OdO is brown, unchanged by heatj its hydrate is 
white. The salts are colorless. NaHO separates 
out from solutions of these salts white GdHjOs 
insoluble in excess of NaHO. NH5O easily redis- 
solves the corresponding precipitate of CdBtO,. 
Acid solutions are not precipitated by NH«0. 
(NH4)sC03 does not redissolve the cadmium carbon- 
ate which it throws down. H2S and NH5S give 
yellow CdS. KOy precipitates white CdOyj, soluble 
in excess; from this solution H^S throws down all 
theCd. 

All cadmium compounds give upon charcoal 
before the blowpipe a dark brown incrustation 
(without a metalic globule).' 

Analysis of the Hydrosulphuric Add precipitate 
insoluble in NH5S. 

From the slightly acid solution through which 
n2S as a gas has been passed to complete satura- 
tion of the hquid, HgS, PbS, Ag2S, BiaSj, CuS and 
CdS are thrown down. 

The precipitate is collected upon a filter, washed 
with water and then heated in a capsule with con- 
centrated HNO3 (free from HCl). 

1. Besidtie. HgS and PbS04. The residue sep- 
arated from the solution is digested with an 



Digitized by LjOOQ IC 



69 



ammoniacal solution of tartaric acid. PbSOi is 
thus dissolyed, the solution is filtered fix)m some 
undissolved residue which may remain, and in the 
filtrate the lead is recognized by means of H2S. 
The portion undissolved by the ammoniacal tartaric 
acid solution is dissolved in aqua regia, the excess 
of acid driven off by evaporation, and finally the 
solution is tested with SnCls for mercury. 

2. Solution. In order to thrown down any dis- 
solved lead the solution is treated with a little 
H2SO4. The filtrate fix)m the precipitate thus formed 
is tested by HCl for silver, then filtered again, and 
Irom the solution bismuth is thrown down by 
NHsO. If the filtrate firom the bismuth hydrate is 
blue, copper is indicated. To detect copper in the 
presence of cadmium, decompose the anunoniacal 
solution by means of KCy until it becomes colorless, 
then H28 will precipitate yellow CdS.* 

(E). METALS OP THE HTDEOSULPHURIC ACID 
GEOUP, WHOSE SULPHIDES AEE SOLUBLE 
mNHsS. 

21. Tin. 

Sn=116. 

Tm is silver-white 5 very malleable. Melting 
point 230O, sp. gr. 7.29. It oxidizes at a high 
temperature in the air. HCl and HjSO* dissolve 
the metal with evolution of H2. HNO3 diluted 
and used in the cold, dissolves tin with formation 

* Exercise for practice. Qaantitatiye analysis of copper 
ore, silyer-coin, silver ore, brass. 



Digitized by LjOOQ IC 



70 

ofNH4,-N03(4Sn+10H]srO3 = 4SnN2O6 + NH4-NO3 
+ 3 HjO) ; when heated there is formed an insoluble 
SnOj with evolution of NO. Aqua regia dissolves 
tm to SnCl4; KHO dissolves it to KaSnOa. 

a. Stannous compounds (protoxide salts). SnO 
is dark gray, the hydrate is white. SnO oxidizes in 
the air at a red heat to SnOa (white). Stannous 
salts are colorless, oxidizable especially m solutions 
exposed to the ah*, forming stannic salts and separat- 
ing out Sn02. They act as powerful reducing agents, 
(PejCU becomes, by action of SnCla, PeCIs; HgaCl, 
becomes 2 Hg.) From their solutions NaHO, Na^GOs 
and NH5O precipitate white SnH^Oa soluble in excess 
of NaHO, from which solution by heating it is 
Itoown down as black SnO. 

H2S separates out dark brown SnS, which dis- 
solves in yeUow ammonic sulphydrate (oxidizing in 
the ah* thereby forming polysulphides). Prom this 
solution HCl precipitates yellow SnS> HCI2 gives ui 
a solution of SnCls a white precipitate of BfeCU, 
from which, in excess of SnCla, metallic mercury 
separates. AuCla gives in solutions of stannous 
salts which by standing in the air have become ox- 
idized and hence contain also stannic salts, a pre- 
cipitate oSf gold-purple (Purple of Cassius) (2 AUCI3 -|- 
2 SnCl2 + SnOU + 11 H2O = (AugSuaOT + 4H2O) -h 
14 HCl). 

b. Stannic compounds. BnOi is white, becom- 
ing yellow when heated. HCl throws down from a 
solution of Sn02 in KHO stannic oxide which is sol- 
uble in an excess of HCl ; HNO3 oxidizes the metal 
to Sn02 (metastannic acid), soluble in HCl when 
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heated and afterward diluted with water. SnCl* is 
a fluid. NaHO, NH5O and Na^COa precipitate Sn02 
soluble in NaHO. H»S throws down yellow SnSa 
soluble in NH5S (SnS2+ 2 NH5S =(NH4)2SnS3+H2S) 
and in NaH0(3 SnSg+e NaHO =2 NagSnSa+NaaSnOa 
+ 3 H2O), insoluble in (NH4)2C03. 

From all solutions of tm, zinc separates out me- 
tallic tin. All tm compounds give on charcoal before 
the blowpipe a malleable globule j near the assay 
there is a slight white incrustation. • 

SYNOPSIS, 





SnCIs 


SnCl4 


H»S 


Brown. 

HgiClr- Hg. 

Blue. 


Yellow 


HffCla 




• 

FeaClfl+KflPeaOyia.... 


— 



22. Arsenic. 

At. As = 75 ; Mol. A84 = 300. 

A steel-gray crystalline brittle mass, having a 
specific gravity of 5.96. It is volatilized on heat- 
ing without melting. The vapor has a specific 
gravity of 10.4. It gradually oxidizes in moist air 
to AS203. Heated toTedness in a current of air it 
bums to AS2O3, emitting an odor of garlic. Arsenic 
is insoluble in HCl and H2SO4, but dissolves in HNOa 

* Analysis of an alloy of lead and tin, for instance, soft 
solder. Analysis of bronze. 
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with formation of As^Os ; or if the acid be concen- 
tratedy of As^Os. 

a. Arseniaus add. ABfiz^ hydrate H3AS3O4; is a 
vitreous mass which soon becomes opaque by the 
formation of the crystalline modification. Arsenious 
acid is volatile ; the vapor is odorless, and deposits 
a sublimate of white octahedral crystals in the 
colder part of the matrass. It dissolves with diffi- 
culty in water (50 parts of cold, and 10 parts of 
boiling water dissolve 1 part of AS2O3), easily dis- 
solves in HCl and HNO3 (formation of AS2O5) and in 
alkaline fluids. Only the arsenites of the alkalis 
are soluble in water; all are decomposed at a red 
heat, either into oxide and arsenous acid (CaAsgOO 
or into arsenic and arsenate (Na^»As204). H^S sep- 
arates yellow AS2S3 (gradually) soluble in NHsS^ 
KHO, (NH4)2C03, and KHS03(2AS2S3+4(NH4)C03= 
(NH4)2AS204+ (NH4)6AS2S«-h 4 CO2 j 2AS2S3+ 16 KHSO3 
= 2K2AS204 + 6K2S203 + 3S-H7S02+8H20. From 
the solution in NH5S, KBO or (NH4)2C03, all the 
arsenic is precipitated again as AS2S3 by HCl. If 
AS2O3 is fused with Na«C03 and NaNOs, a soluble 
arsenate is produced. Argentic arsenite is of a 
characteristic yellow color (Ag2As204). This is sol- 
uble in NH5O and in HNO3. If AS2O3 be sublimed 
on the wall of a capsule, the sublimate moistened 
with AgN03 and a little NHsO be now added, to 
neutralize the free HNO3, there appears distinctly 
a y.ellow color. 

AS2O3 acts as a reducing agent, (Gr03 becomes 
Cr203, CuO, in alkaline solutions containing tartaric 
acid becomes CU2O). 
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b. Arsenic add. AS2O5; hydrated H3ASO4 (anal- 
ogous to H3PO4) fonns clear large crystals, when 
melted it gives off water, and leaves behind a vitre- 
ous mass AS2O5. It is easily soluble in water ; the 
alkaline arsenates only are soluble in water. Of 
the insoluble there are characteristio Ag3As04, a 
brownish red precipitate soluble in NHsO and HNO3 ; 
and MgNHiAsOi which behaves like the correspond- 
ing phosphate but is decomposed at a low red heat. 

H2S throws down AS2S3 + 2 S. The necessary 
deoxidation of ASaOs to AS2O3 proceeds very slowly in 
the cold; the fluid is, therefore, heated to about 
50^ and then saturated with H^S. 

SYNOPSIS. 




AssOs 



AgNOsCKEeO) 1- 

KsCr04 

Alkaline solatdon of OnO. 
MgS04(NH4Cl) 



Brownish-red 



MgN'H4As04 



c. Arsenetted hydrogen, AsHs. If a sulphuric 
acid solution of the salts of arsenious or arsenic 
acid, placed in an apparatus in which H2 is evolved 
by the action of dilute H2SO4 upon zinc, all the 
arsenic will be driven oflF as AsHs ( AS2S3 or AS4 do not 
give off this gas, free CI2, HNO3 and other oxidizing 
substances also hinder the production of ASH3). 



Digitized by LjOOQ IC 



74 



This gas is colorless, possesses an odor of garlic, 
and acts as a powerful poison. 

By complete combustion it becomes H2O and 
AS2O3, by imperfect combustion H^O and AS4. Prom 
AsHs the arsenic can be separated as a mirror or as 
an arsenic stain j the gas can be recognized also by 
passing it ilito a solution of AgNOa. 

The mirror is formed when AsHa is passed 
through a red-hot glass tube 5 the As* separates 
behind the heated portion of the tube in a thin 
opaque layer as a mirror of brown color. The mir- 
ror is easily volatilized in the tube, volatilizing even 
before melting. 

Arsenic stain is obtained when the stream ofi 
gas issuing from Marsh's apparatus is lighted and a 
porcelain capsule held in the flame. The porcelain 
glazing must be free from lead. These stains are 
also brownish black, brightly glimmering and brown 
on the edges. They dissolve in NaOlO ; give, when 
treated with NH5S and dried, a yellow residue of 
AggSa, and yield with AgNOs and NH5O, when oxid-* 
ized by HNO3, a yellow AgaAs^O*. When AsHj is 
conducted into a slightly acid solution of AgNOs, 
Ag is precipitated and there remains in solution 
AgaAS204(2 AsHa + 14 AgNOg + 4 H2O = AggASaO* + 
12 Ag + 14 HNO3). After filtration from the Ag and 
neutralization by NH5O the characteristic yellow 
silver precipitate is formed. In order to recognize 
the arsenic acid compounds, in the dry way, the sub- 
stance is placed in the bottom of a narrow matrass^ 
heated and when the vapor has ceased to appear, a 
mirror will be formed in the colder part of the 
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tube. AS2S3 is melted in a matrass with a mixtm'e 
of ECy and NasCOs, in this case also a mirror is 
formed. On charcoal before the blowpipe the 
arsenic compounds, when ignited, give off the 
characteristic garUc odor.* 

23. Antimony. 

Sb is a tin-white, crystalline, very brittle body, 
of 6.7 sp. gr.; its melting point is 425, but it is vol- 
atile at a white heat Heated to redness in a cm> 
rent of air it evolves vapors of Sb203. Concentrated 
HNO3 oxidizes antimony, forming Sb204 (Sb203 + 
Sb205). Aqua regia dissolves it with formation of 
SbCls or SbCU, according to the degree of concen- 
tration of the acids. 

a. Antimonom oxide (antimonous acid), Sb203, 
forms brilliant needles, which cover the surface of 
antimony when it is mcompletely consumed. It 
: melts at a high temperature ,• thus heated it is voJ- 
atUe in a current of air ; at a red heat it yields with 
free access of aii', Sb204. Sb203 is insoluble in wa- 
ter, but it easily dissolves in HCl, acetic, acid and 
KHO. The solution in hydrochloric acid becomes 
turbid on addition of water by the precipitation of 
a basic salt (5 Sb203-2 SbCl3). 

In much hydrochloric acid the precipitate is dis- 
solved ; tartaric acid prevents the precipitation by 
water (distinction from bismuth). From the hydro- 

* Quantitative estimation of On and As in Sohweinfart 
green. 



Digitized by LjOOQ IC 



76 

chloric acid solution of antimonous oxide, KS pre- 
cipitates orange-red Sb^, which is soluble in con- 
centrated HCl, in KHO, NHsO, but only very slightly 
in (NH4)2C03. With Na^COa and NaNOs antimonous 
sulphide yields, when fiised, NaSbOs, insoluble in 
water. The hydrochloric acid solution of antimo- 
nous oxide precipitates metallic gold from its solu- 
tion (2 AuCla + 3 SbClg = 2 Au -f 3 SbCls). Metal zinc 
precipitates from such a solution antimony as a 
black powder, especially in platinum vessels. 
y b. Antimanic add, Sb206, is a white mass which 

is formed by treating antimony with an excess of 
concentrated HNO3. It is slightly soluble in water, 
but dissolves readily in KHO (KSbOs) and in HCl 
(SbCls). This HCl solution is decomposed by water 
(2SbCl5+5H20=10HCl+Sb205). Tartaric acid pre- 
vents this decomposition. H2S precipitates from 
acid solutions of antimonic acid red SbsSs. The 
precipitate is soluble in NH5S and in KHO (4 Sb^Ss 
-fl8KHO=5K3SbS4+3KSb03+9H20). From this 
solution the Sb^Ss is again precipitated by HCl. 
Concentrated HCl dissolves the SbzSj to SbCla. 

The solution of Sb205 in KHO gives with sodium 
salts a white precipitate of Na«H2Sb207. Solutions 
of antimonic acid precipitate from auric chloride 
no metalhc gold. 

c. Antimonett&S, hydrogen^ SbH3, produced like 
AsHs, is very much like it. They differ in the fol- 
lowing particulars, SbH3 is odorless, the gas conduct- 
ed over solid KHO is decomposed with formation of 
SbK3(SbH3+3KHO=SbK3+3H20). By incomplete 
combustion, and by conducting it through a red hot 
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tube there are obtained the antimony stain and 
mirror. These are entirely opaque ; in a thin layer 
they appear as a spot on the glass or porcelain ; 
in a thicker layer they are quite black or possess a 
lustre like graphite. They volatilize on heating be- 
fore meltmg ; they are insoluble in NaClO 5 they are 
changed by NH5S mto orange red 81)283. If the 
stain is oxidized with HNO3 it yields a white resi- 
due of 8b204 on evaporating ; moistened with AgNOa 
and then treated with NH5O, a black stain is pro- 
duced (8b204 + 4 AgNOa + 2 H^O = 8b3054- Ag40+ 
4 HNO3). When SbHa is conducted into a solution 
of AgNOs, Sb and Ag are thrown down, the filtrate 
fi'om this precipitate contains no antimony (2 SbHa 
+6 AgN03=2 8b4-6 Ag+GHNOa). 

On charcoal before the blowpipe, the antimony 
compounds mixed with KCy and ignited, give a httle 
brittle metalho globule, while the coal is covered 
with a white incrustration which is volatile before 
the blowpipe flame. When antimony compounds 
are ignited upon an asbestos support, in an oxidizing 
flame, there is deposited on a porcelam capsule held 
over the flame, a subhmate of Sb204, which can be 
identified by AgNOs and NHjO.* 

Detection of Arsenic^ Tin and Antimony in the 
presence of ecuih other. 

The precipitate obtained fi*om the weak acid 
solution of the original substance by completely 
saturating the liquid with H^S, is collected on a 

* Analysis of type metal and gray sHyer ore. 
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filter and washed with water which contains H»S. 
The filter is then perforated, the precipitate washed 
down with water containmg NH5S, hito a flask ; in 
this some more NH5S is placed and the mass 
gently heated in the flask. The insoluble portion is 
collected on a filter and tieated after the requisite 
washing, as directed on page 68. The filtrate is 
acidified with H2SO4 by which As^Ss, SbjjSs and 
SnSj are precipitated. (If the precipitate resulting 
from this is of a dark color, it may contain Au, Pt, 
Mo, Wo, etc). In order to detect the three com- 
pounds one of the following methods is employed. 

1. The precipitate is placed in a porcelain cap- 
sule, oxidized with fuming nitrio acid and evap- 
orated to dryness on the water bath. The yellow 
residue is taken up with a few drops of NaHO, the 
solution is mixed with Na^COs and NaNOs, the 
resulting solidified mass is placed in a porcelain 
crucible, carefully dried, then ftised and the flised 
liiass after cooling is extracted with water. This 
solution contains Na«As04; NaSbOa and SnOj remain 
undissolved. Traces of SnO^ mi^t pass into solu- 
tion. The solution is therefore heated with sodium 
bi-carbonate when As entirely dissolves. Sb and Sn 
remain undissolved. 

« 2. The precipitate is placed in a flask, digested 
with (NH4)2C03 and filtered. Sb^Sa and SnS2 are 
not dissolved, but AS2S3 can be precipitated firom 
the filtrate by HCl. Slight traces of tin are dissolved 
with the arsenic. 

The precipitate is dissolved in KHS, the solution 
is mixed with a large excess of aqueous sulphurous 
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acid, heated imtil SO2 ceases to come off/and filtered. 
Only AS2S3 is in solution, Sl)2S3 and SnSa are undis- 
solved, AS2S3 is precipitated fix)m the filtrate by 
H2S. 

A. Detection of Arsenic. 

The solution 1 of the arseniates is heated with 
H2SO4 until all the HNO3 is driven oflF, but the pre- 
cipitate of AS2S3 which was obtained in 2 and 3 is 
dissolved in excess of HCl and a httle KCIO3, the 
solution is evaporated and the residue heated with 
sulphuric acid. 

The sulphuric acid solution is placed in a Marsh 
apparatus, and the As is thereby indicated. 

B. Detection of Tin and Antimony. 
The niixture of tin and antimony compounds 
which exists in any case is heated upon the filter in 
a crucible until the paper is consumed, soUd potassic 
cyanide added and careflilly heated to fusion. 
Antimony and tin will be reduced. The mass is 
extracted with water and the insoluble metaUic 
residue treated with HCl. Only the tin is dissolved, 
and this may be recognized by HCU. If HCl dis- 
solves nothing, aqua regia is used, the excess of 
acid driven oflF by heat, and a part of this solution 
tested with HgS for antimony. Another part is 
placed in a Marsh apparatus to obtain the antimony 
mirror and stam. Or the mixture is dissolved in 
concentrated HCl, evaporated upon the water bath, 
diluted largely with water, the metals precipitated 
by a zinc rod and the precipitated metals tested as 
previously directed. 
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APPENDIX 

TO 

LABORATORY GUIDE. 



DETECTION OF CEETAIN OEGANIC SUBSTANCES. 
1. Cyanogen Compounds. 

Cyanogen, C2N2 = Cy2, is a colorless gas; it is 
offensive to the nose and eyes. It burns with a 
violet bluish -bordered flame; is soluble in water, 
alcohol and ether. The aqueous solution is quickly 
decomposed with formation of prussic acid, ammo- 
nic oxalate, ammonic carbonate and urea. Cyanogen 
resembles a monatomic metalloid in its reaction; it 
has the greatest similarity to chloiine (Cyg + 2 KHO 
= KCy + KCyO + H20), 

Hydrocyanic acid, HCy (prussic acid) is an ex- 
tremely volatile liquid (boiling point 26.5°), which 
possesses an odor resembling that of bitter almonds, 
and is very poisonous. It easily dissolves in water ; 
this solution is decomposed with formation of am- 
monic formiate (HCN -f 2 H2O = CH.NH4.O2). The 
compounds of cyanogen with the metals of the 
alkahs and of the alkaline earths are soluble in wa- 
ter (HgCy2 dissolves also) ; all others are insoluble in 
water, but easily dissolve in KCy with formation of 

SUPPLEMENT TOJSO, 17 BOWD. SCI. REV. 
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double salts. All metallic cyanides (except KCy 
and NaCy) are decomposed at a red heat; by exclu- 
sion of air they yield cyanogen, by its access they 
form cyanates. All cyanogen compounds, heated 
with HCl, yield HCy. WitU concentrated H2SO4, 
they yield CO (KCN + 2H2SO4 + H^O = KHS04 + 
NH4HS04+C0). Soluble metallic cyanides, with 
AgNOa, give a w)iite, curdy precipitate, AgCy, which 
is soluble in NH5O; is not dissolved by dilute HNOg, 
but in concentrated HNO3, in KCy, Na^S^Os can easily 
be dissolved. AgCy with HCl yields prussic acid ; 
is decomposed at a red Heat. From OUSO4, on ad- 
dition of KCy, white Cu2Cys precipitate, which com- 
bines witti KCy to form a colorless compouud. EeS04 
first gives, with KCy, PeCy2, which, in excess of 
KCy, especially in the presence of KHO, is dissolved 
with formation of K4FeCy6. If now Pe2Cl6 be a(Jded, 
there is formed Prussian blue (Fe4Fe3Cyi8). In order 
to prove the presence of cyanogen, the solution to 
be tested is mixed with some PeS04, to which a little 
Pe2Cl6 is added, supersaturated with NallO, and then 
rendered acid with HCl; a blue precipitate insoluble 
in HCl indicates cyanogen. From Fe2Cl€, KCy pre- 
cipitates Pe2H606. Heated with yellow ammonic 
sulphide the cyanogen compoujids yield combina- 
tions of sulphur and cyajiogen, which, after driv- 
ing off the excess of NH5S, with Fe2Cl€, ^ve a blood 
red color, which does not disappear on adding HCl. 
Heated with KHO, the metallic cyapides evolve NH3. 
The insoluble double cyanides are decomposed by 
boiling Fith HCl, the distillate is collected in NaHO, 
and then this is tested for NaCy. 
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Potassic/errocyanid€y K^FeCye, gives with FeS04, 
a white precipitate (Fe2K2Cy6) ; with FegClc, Prussian 
blue (Fe4Fe3Cyi8) j with CUS64, a brown red precipi- 
tate (K2Cu3Fe2Cyi2). 

Potassic ferridcyanide yields tvith FeS04 a blue 
precipitate (Fe3Fe2Cyi2). 

Pirmsiah him always yields Nd4FeCy6 and Pe2H606 
on boiling with NaHOl 

Cyanates (e, g,, KCyO) easily decompose, taking 
up water, into CO2 and NH3 (HCNO + H2O = CO2 + 
NH3). With alkalis they evolve NH3J with acids 
CO2, which always contains traces of HCyO, and on 
this abcount smells offensively. 

Sulphdcyanates (KCyS) give with Fe2Cl€ a blood 
red color. 

In the presence of cyanogen it is often difficult 
to recognize the metals by their ordinary reactions. 
If cyanogen has been detected, It is best to decom- 
pose the salts by evaporation with concentrated 
H2SO4 ; the residue th^n consists of sulphates. 

In order to recognise cyanogen, chlorine; bro- 
mine and iodine in the presence of each other, thiey 
are all precipitated by AgN03. One portion of the 
precipitate is tested with ItCl for AgCy} the remain- 
der is heated to redness in order to destroy the AgCy. 
The residue, kfter heating, is treated with Zn and 
dilute H2S04,- Ag will separate; ZnS04 at the same 
time passes into solution together with HCl, HBr, 
and HI. This solutioii is neutralized with Na2C03, 
boiled, filtered from ZnCOs, and now there remains 
a hquid ih which NaCl; NaBr, Nal, will be easily 
recognized as formerly pointed out. 
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2. Organic Acids. 

Most organic acids and their compounds are de- 
composed by heating on charcoal. At the same 
time, if the acid is in union with metals of the alka- 
lis or of the alkaline earths, carbonates are formed. 
The blackening of a substance at a red heat and the 
formation of carbonates are means of recognition of 
the presence of organic acids. OxaUc acid and its 
salts do not blacken at a red heat. 

a. Oxalic (zcid, C2H2O4, is a dibasic acid. It is 
decomposed by heat, either by itself or with H2SO4 
into H2O, CO2, and CO. The last bums with a blue 
flame. Oxalic acid and soluble oxalates give with 
soluble calcic compounds a white precipitate, CaC204. 
Calcic oxalate is insoluble in ammonic salts and 
acetic a<5id, but is easily soluble in HCl. From this 
solution the precipitate will again be thrown down 
by means of C2H3Na02. 

b. Tartaric ami, C4H6O6, is dibasic. It gives out 
a characteristic odor on burning. The neutral solu- 
tion of a tartrate gives with CaCl2 a precipitate 
C4H4Ca06. This precipitate is more soluble in water 
than gypsum ; a solution of CaS04, therefore, does 
not affect it. The precipitate does not occur in very 
dilute solution. Calcic tartrate is soluble in acids, 
even in free tartaric and acetic acids ; it is soluble 
in ammonic chloride (NH4CI) and in caustic alkalis. 
Free tartaric acid, or a concentrated solution of a 
tartrate, acidified with a<5etic acid, gives with KCl 
a crystalline precipitate, C4H5KO6, especially if the 
sides of the tube be rubbed with a glass rod. Cream 
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of tartar is soluble in strong acids and in alkaline 
fluids. 

c. Citric acid, CeHsO?, is tribasic. Neutral solu- 
tions of a salt of citric acid give no precipitate with 
CaCl2 in the cold ; but if some NH5O be added and 
the solution be heated to boiling, the salt Ca^ (€611507)2 
precipitates ; it is soluble in acids. 

d. Malic add, C4H6O5 is dibasic. The neutral 
or ammoniacal solution of a malate is not decom- 
posed either cold or at a boiling temperature by CaCl^. 
But alcohol precipitates calcium malate. If a neu- 
tral solution of a malate be mixed with C4H4Pb04, a 
precipitate of C4H4Pb05 occurs. If this precipitate 
be collected on a filter, washed, placed in water and 
heated, it becomes a transparent resinous mass. 

To recognize the four acids in the presence of each 
other. 
The neutral concentrated solution of the sub- 
stance (best prepared by boiling the original sub- 
stance with NaeCOa, filtering and neutralizing the 
filtrate with HNO3) is decomposed by CaC^. 

1. Precipitate. C2Ca04 and C4H4Ca06. It is to 
be washed with water, then dissolved in HCl and 
the solution treated with C2H3lJra02. C2Ca04 precip- 
itates. Filter and test the acetic acid filtrate with 
KCl for tartaric acid. 

2. Filtrate. This is made slightly alkaline with 
NH5O and boiled. By this means Ca3(C6B[507)2 sep- 
arates. Filter, precipitate calcium malate fi'om the 
filtrate with alcohol ; collect this on a filter, wash 
with alcohol and dissolve in water 5 determine the 
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presence of malic acid by means of the character- 
istic reaction of plumbic salts. 

if in the neutral solution oxalic and tartaric acids 
are present, together with phosphoric acid, all three 
acids will go down with CabU. In order, then, to 
find the three acids, the precipitate is clis^olveid in 
HCl; calcium oxalate, only, is throwh down by 
means of b2H3Na02, and removed by filtration. 
CaHPCi4 will only separate from the acetic iacid solu- 
tion by means of NH5O and Nii4Cl. This is to be 
collected on a filter, and finally the titrate, made 
slightly acid, is tested with KCl for tartaric. 

e. Acetic acldj C2tl402, is monobasic. The ace- 
tates give the charsicteristic odor of acetic acid with 
H2S64. if alcohol be added there is produced acetic 
ether, C2H3(C2H5)02, which is easily recognized by 
its odor. Neutral solutiops of the acetates with 
F^Cle give .a blood red color, which disappears on 
addition of Htll (different from sulphocyanates): 

On boiling the blood red solution, all the iron 
separates as Pe2H6P6, with a Uttle acetic acid. A 
dry acetate, heated with some, solid caustic potassa 
and AS2O3, yields the most disagreeably smeUing 
kakodyle. . . 

£ ^Formic acid, CH2O2 is monobasic. Thie form- 
iates are very similar in their deportment to the 
acetates ; but they differ from them in their power 
to, reduce many naetals from tiieir compounds. From 
silver aiid mercury salts they separate the nietal, 
especially on heating. ;&ormic acid with H2SO4 yields 
H2O anli CO. 

g. Tanhk dcid and gallic add (C7H6O5J are eas- 
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ily recognized by the black precipitate which they 
produce with ferroso-ferric compounds. They differ 
from one another in this, that tannic acid is precip- 
itated by solution of gelatin, and animal skins, but 
gallic acid is not. 

h. Stu>cinic acid (C4H6O4) is dibasic ; Benzoic acid 
(C7H6O2), monobasic. Both, on being heated to red- 
ness by themselves or on warming their salts with 
H2SO4, volatilize in vapors which provoke vehement 
coughing. Both give in neutral solutions a brown 
red precipitate with Fe2Cl6. 

Sitccinic acid in an ammoniacal solution with 
BaCU gives a precipitate, but is not precipitated 
from the solutions of its salts in H2SO4 (is soluble in 
H2O). 

Benzoic a^id forms a soluble barium salt 5 is pre- 
cipitated from concentrated solutions of its salts, by 
atjids (is soluble in H2O with difficulty), and gives on 
heating with CaH202, benzol, recognized by its 
smell. 

i. Uric acid (C5H4N4O3). It is nearly insoluble 
in water and dilute acids ; soluble in alkalis, but is 
precipitated from such solution on addition of acids. 
If uric acid be oxidized with concentrated HNO3 and 
the resulting solution evaporated to dryness on the 
water bath, and the residue moistened with NH5O, 
it becomes purple red (murexid). Uric acid sepa- 
rates, from Ag2C03, metallic silver, which is easily 
thrown on paper. 
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